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ABSTRACT 


This  Twelfth  Quarterly  ProgresB  Report  present#  the  results  of  work 
conducted  at  General  Mills,  Inc.  under  Contract  DA- 18-064- CML,-E745, 
"Dissemination  of  Solid  and  Liquid  BW  Agents"  during  the  period  from 
March  4  to  June  4,  1983. 

In  reporting  on  the  continuing  study  of  the  mechanics  of  dry  powders, 

data  are  presented  which  were  obtained  with  the  improved  multipurpose 

test  unit  in  which  shear  strength,  tensile  strength  and  bulk  density  are 

measured  within  the  confines  of  a  single  isolator  lab.  Initial  findings 

are  discussed  for  an  Investigation  of  three  supposedly  identical  Sm 

samples  which  exhibit  distinctly  different  compaction  characteristics. 

Particle-size  distributions  (Whitby)  are  included,  which  show  a  smaller 

MMD  for  saccharin  after  compaction  to  a  compressive  stress  of  2.  84  x 
4  2 

liO  dynes/cm  .  Tests  showing  that  the  addition  of  Cab-o-Sil  to  powders 
Increases  the  stress  required  to  produce  a  given  bulk  density  are  described. 

Experiments  with  beds  of  fluidized  powders  are  discussed  In  which 
bed  depth,  degree  of  agglomeration,  amount  of  segregation  or  aUrition, 
and  amount  of  carry-over  were  investigated. 

A  specific  surface  ares  of  1.  53  m  /g  ±7  percent  and  a  rugosity  of 
2,  2  are  reported  for  saccharin  from  measurements  made  by  the  BET  gas 
adsorption  method. 

Results  are  given  from  experiments  in  which  the  effect  of  positive 
ions  on  aerosol  decay  was  investigated  in  the  aerosol  chamber. 

An  inveetlgatlon  of  the  effectiveness  of  graphite  in  reducing  side¬ 
wall  friction  of  compacted  powders  sliding  in  cylinders  is  reported.  A 
50-percet;t  reduction  in  the  force  required  to  eject  the  compacted  powder 
has  been  observed  when  graphite  is  used  as  compared  to  the  force  required 
using  a  bare  aluminum  surface. 
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MTind-tuanel  studida  are  dlecueeed  for  two  areas  of  investigation. 
Simulant  Sm  waa  efficiently  deagglome rated  at  an  air  velocity  of  Mach 
number  A,  )  and  at  bulk  densities  ranging  from  0.  33  to  0.  52  g/cm^. 
Storage  of  compacted  Sm  at  -2  C  or  -23  C  for  periods  up  to  30  days 
has  no  significant  detrimental  effect  on  deagglomeration  efficiency  or 
viability. 

Progress  on  the  fabrication  of  the  second  E-41  spray  tank  is  dis¬ 
cussed.  Minor  design  changes  in  the  E -41  are  described.  Plans  to 
night  test  the  E-41  at  EgUn  APB  on  the  F-IOOD  and  the  F-105  are 
mentioned. 

The  statue  of  planning  and  preparing  for  flight  testing  the  E-41 
spray  tank  on  the  AO-1  Mohawk  airplane  is  reported. 
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TWELFTH  QUARTERLY  PRCXIRESS  REPORT 
ON 

DISSEMINATION  OF  SOLID  AND  LIQUID  BW  AGENTS 


1.  INTRODUCTION 

This  is  th«  twelfth  of  a  series  of  quarterly  progress  reports  which 
have  been  submitted  to  the  Biological  Ijaboratories  as  documentation  of  the 
work  being  performed  by  General  Mills,  Inc.  under  Contract  DA- 19- 064- 
CML-2745.  This  work  pertains  to  the  dissemination  of  solid  and  liquid 
BW  agents,  and  ranges  from  experimental  and  theoretical  studies  of  the 
properties  of  finely- divided  solids  to  the  fabrication  and  field  testing  of 
full-scale  disseminators.  Much  of  the  work  is  of  a  continuing  nature, 
and  reference  to  previous  quarterly  progress  reports  is  necessary  to  pro¬ 
vide  the  complete  coverage  of  the  subject. 

A  primary  objective  was  to  develop  a  spray  tank  to  be  carried  as  an 
external  store  for  line-source  dissemination  of  dry  BW  agents  from  air¬ 
craft  flying  at  high  subsonic  speeds.  The  E-41  spray  tank  was  developed 
to  satisfy  this  objective,  and  flight  trials  have  demonstrated  that  the  tank 
performs  very  well  at  a  epeed  of  Mach  0.  7.  Tests  are  now  planned  in 
which  the  E-41  will  be  flown  on  the  AO-I  Mohawk  aircraft  at  a  speed  of 
200  knots  (Mach  0.  3).  Dissemination  and  deagglomeration  studies  con- 
conducted  in  the  blow-down  wind  tunnel  during  the  past  quarter  have 
demonstrated  that  compacted  3m  can  be  efficiently  aerosolized  at  thie 
low  flight  speed  if  its  bulk  density  does  not  exceed  0.  52  g/cm  . 
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2.  STUDIES  OF  THE  MECHANICS  OF  DRY  POWDERS 


A  program  of  atudy  la  underway  to  characterize  the  behavior  of  powders 
in  the  uncompacted  state,  their  behavior  during  compaction,  and  their  behavior 
in  the  compacted  state.  Such  a  study  should  yield  information  relative  to  the 
manufacture,  handling,  compaction,  and  dissemination  of  bulk  powders.  During 
the  current  quarter,  wo  have  utilized  our  improved  multipurpose  test  unit  and 
the  energy*of-compactlon  apparatus  to  obtain  fundamental  information  on  a 
number  of  powders.  In  addition,  we  are  Looking  very  closely  at  three  "eimilar” 
Sm  samples  to  determine  what  characteristics  are  responsible  for  their  different 
compaction  properties.  Studies  ars  also  underway  to  determine  whether  powder 
particles  are  fractured  during  compaction  and  to  determine  the  effect  of  the 
addition  of  small  amounts  of  Cab-o>Sil  upon  the  compaction  characteristics  of 
powders.  Fluld*bed  ejqierimente  were  conducted  to  determine  the  length  of 
time  required  for  a  fluid  bed  to  equilibrate,  the  extent  of  product  loss  during 
fluidization,  and  whether  partlcle-slze  segregation  results  during  the  fluidiza¬ 
tion  process, 

2.  1  Behavior  of  Powders  in  ths  Compacted  State 

Our  completed  multipurpose  test  unit  is  shown  in  Figures  2.  1,  2.  2,  2.  3, 
and  Z.  4.  This  unit  is  ussd  to  measure  shear  strength,  tensile  strength,  and 
bulk  density  within  the  confines  of  a  single  Isolator  lab.  The  newest  addition, 
the  Improved  sliding-disk  shear-strength  unit  (Figure  2.4)  is  being  used  to 
obtain  data  reported  In  the  following  sections. 

2,1.1  Shear  Strength  of  Compacted  Powders 

To  measure  shear  atrength  In  the  compacted  state  utilizing  the  sliding- 
disk  method,  the  powder  must  first  be  compacted  at  a  given  compressive  load 
and  then  sheared  at  some  lighter  load.  The  mechanics  of  this  process  of  weight 
changing  were  sufficiently  complicated  to  make  it  difficult  to  obtain  reproducible 
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igure  2.  1  Multipurpose  Test  Unit 


igure  2.  2  Close-up  of  Multipurpose  Test  Unit  Components 
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Figure  2.  3  Main  Units  for  Determination  of  Shear  Strength 
Tensile  Strength,  and  Bulk  Denaity 
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Figure  2.  4  Close-up  of  Improved  Shear  Strength  Apparatus 
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datA  at  the  lower  etreae  levels.  The  improved  sbear-strength  unit 
{Figure  2.4)  has  been  completed  to  eliminate  these  difficulties,  as  illustrated 
in  Figures  2.  5  through  2.  9.  Each  point  plotted  represents  the  average  value 
for  three  determinations.  For  purposes  of  comparison,  data  for  four  repre¬ 
sentative  powders  are  presented  in  Figure  2.  9  by  the  method  of  least  squares. 

2.1.2  Tensile  Strength  of  Compacted  Powders 

Tensile  strength  remains  the  one  powder  property  most  difficult  to 
measure.  The  determination  of  the  tensile  strength  is,  however,  of  Such 
significance  to  the  total  development  of  the  technology  of  powders  that  the 
time  and  effort  spent  on  its  determination  is  well  justified.  We  are  currently 
investigating  the  segmented  column  and  Instron  triaaial  tensile  methods. 

2. 1.2.  1  Segmentsd  Column  Msthod 

The  recent  addition  of  a  tow-speed  synchronous  motor  to  replace  the  hand 
crank  mechanism  permits  tensile  failure  of  the  compacted  powder  to  take  place 
at  a  more  uniform  rate.  Because  of  the  accuracy  possible  with  this  change  in 
apparatus  design,  we  feel  that  the  data  obtained  are  thebest  available  from  this 
method.  Representative  graphs  are  shown  in  Figures  2.  10  and  2. 11.  Future 
work  will  include  powders  with  diameters  in  the  S -micron  range,  such  as 
ground  egg  albumin,  ground  powdered  sugar,  and  Sm. 

2.  1,2.  2  Triaxial  Tensile  Method 

A  continuing  effort  has  been  made  to  improve  the  tnaiaal  tensile  test 
technique  that  can  be  carried  out  in  the  Instron  test  machine. Difficulties 
In  ssunple  preparation  have  retarded  attempts  to  carry  out  a  programmed 
seriee  of  teneile  tests.  However,  several  teste  were  conducted  using  powdered 
sugar  with  average  densities  from  0.  85  to  1, 02  g/cm  *.  Failure  was  found  to 
occur  in  the  center  eection  where  the  cross-sectional  area  is  smallest. 
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Tigart  2.  9  Shear  Strength  of  Talc 


Page  determined  to  be  Unclassified 
Reviewed  Ch»ei.  ADO;  ViiHS 
lAW  EO  13526.  Section  3.5 


APR  1 2  2!I11 


2-7 


0  10  20  30  40  90  60 

Compressive  Load  (dynes/cm^  x  lO'^J 


Figure  2.  6  Shear  Strength  of  Ground  Saccharin 
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Shear  Strength  (dynea/cm  x  10 


Figure  2.  8  Shear  Strength  of  Cornatarch 
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Shear  Strength  {dyne  a /cm 


Figure  2.  9  Comparative  Shear  Strength  of  Compacted  Powder* 
(Precompreated  at  58.  800  dynea/cm^) 
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Figure  2. 10  Bulk  Teneile  Strength  Vereue  Bulk  Density 
for  Powdered  Sug^r 
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Figure  2.  1 1  Bulk  Tensile  Strength  Versus  Bulk  Density 
for  Cornstarch 
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Sample -preparation  procedure  was  varied  to  find  the  beat  method.  "Ilulon 
liquid",  a  slip  and  antletick  agent,  and  graphite  were  eeparately  teated  for  oee 
on  the  inner  wall  of  the  apparatus.  Both  the  graphite  and  Rulon  allowed  the 
flared  trlaection  to  be  removed  without  damage  to  the  powdered- sugar  specimen. 
In  addition  to  this,  an  increase  in  the  tensile  strength  of  powdered  sugar  at  a 
given  density  was  found  when  graphite  was  used. 

The  accepted  method  of  sample  preparation  Hnalty  adopted  was  to  place  this 
powder  sample  into  the  graphite-coated  apparatus  and  to  compress  the  powder 
simultaneously  from  both  ends  by  means  of  two  1,  Z-inch  diameter  pistions  to 
which  equal  loads  are  applied.  The  density  was  found  to  be  highest  in  the  end 
cylinders  and  lowest  in  the  center  section.  The  density  of  the  center  section 
increased  with  time  of  compaction.  Density  and  tensile  tests  on  powdered 
sugar  revealed  that  an  eighteen-hour  period  of  compaction  was  sufficient  to 
produce  a  state  of  equilibrium  in  the  powdered-sugar  specimen. 

The  procedure  followed  for  testing  the  specimen  in  the  Instron  machine 
during  this  quarter  was  the  same  as  that  previously  reported. 

The  densities  of  the  powdered  sugar  specimens  in  the  region  of  failure 
were  determined  by  carefully  dissecting  them  after  failure  (Figure  2.  12). 
PreUminary  results  by  this  method  yielded  tensile  strengths  which  lie  between 
0.  9  to  1.  6  X  10^  dynes/cm^  for  densities  of  0.  85  to  1.  02  g/cm^  using  Rulon. 
However,  when  graphite  was  used,  tensile  strengths  as  high  as  5.  h  x  10^ 
dynes/cm^  were  obtained  for  the  same  density  range.  This  range  of  bulk- 
tensile  strengths  was  approximately  the  same  as  that  determined  by  the 
segmentfed-column  tensile  test  for  powdered  sugar  (see  Figure  2.  21, 

Ref.  1). 

It  would  appear  that  many  problems  can  be  eliminated  by  increasing  the 
diameter  of  the  2.  5-ia.  long  "necked-down"  center  sections. 
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Figure  2.  12  Sketch  of  Inatron  Tenaile  Powder  Sample 
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2.  1.  3  Compaction  Ch«racteri«tic*  of  3  Sm  Sample* 

Three  3m  aamplee  (Sl-SM-342,  352,  and  Pool  #7)  currently  under  investi¬ 
gation  display  distinctly  different  compaction  characteristics.  Because  these 
samples  are  supposed  to  be  identical,  it  is  of  fundamental  importance  to 
determine  what  property  and/or  properties  contribute  to  this  difference.  We 
should  ultimately  be  able  to  trace  the  difference  to  variacione  in  methods  of 
manufacture  and/or  difference  in  processing  of  the  samples  since  manufacture. 

Samples  of  each  were  taken  from  a  deep  freeze  in  sealed  jars  and  placed 
in  a  dry  box  with  a  relative  humidity  less  than  2  percent.  After  allowing 
sufficient  time  for  the  samples  to  reach  room  temperature,  the  compaction 
unit  was  carefully  filled  with  each  powder,  sealed  into  a  Z-mil  polyethylene 
bag,  and  removed  from  the  dry  box  for  testing  in  the  Instron  unit.  At  no 
time  prior  to  the  filling  of  the  compaction  unit  were  the  sealed  jars  opened. 

The  piston  of  the  compaction  unit  was  then  advanced  at  a  constant  rate  of 
0,  02  in.  /min  until  a  load  of  2000  lb  was  reached  for  each  test  with  Sm.  After  , 
each  test,  the  compaction  unit  was  removed  from  it*  polyethylene  bag  and  re¬ 
turned  to  the  dry  box. 

Compaction  force  is  plotted  against  density  in  Figure  2.  1  3  for  all  three 
samples  of  Sm.  £ach  sample  wa«  tested  in  duplicate  with  good  agreement. 

Bat  although  the  compaction  curves  for  the  three  samples  have  approximately 
the  same  slope,  the  individual  curves  are  offset  with  respect  to  one  another, 
indicating  a  scale  shift.  This  means  that  the  stress  required  to  compact  each 
of  the  three  samples  to  a  given  density  is  quite  different. 

Several  tests  have  been  initiated  to  explain  the  scale  shift  for  the  three  Sm 
samples.  These  are  tests  for  particle-size  distribution,  particle  density,  and 
moisture  content.  Moisture  contents  of  the  three  samples,  determined  by  s 
standard  technique,  are  indicated  on  Figure  2.  1  3,  .\s  can  readily  be  seen 
from  this  information,  moisture  content  alone  doss  not  explain  the  relative 
positions  of  the  curves.  Previous  work  with  egg  albumin^^^  ha*  shown  a  shift 
to  .the  right  with  Increasing  particle  size.  And  we  therefore  expect  that  particle 
size  distributions  and  particle-density  tests  {not  yet  completed)  will  shed  some 
light  on  this  scale  shift. 
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To  eliminate  difference*  due  to  adsorbed  moleture,  the  three  Sm  samples 
were  dried  by  the  same  technique  as  that  used  for  the  moisture  determinations. 
Compaction  curve*  were  again  determined  for  the  three  dried  samples,  and 
results  are  presented  in  Figure  2.  14.  During  these  tests,  no  attempt  was 
made  to  break  iqi  agglomerates  prodtxced  by  drying. 

Compaction  curves  for  the  dried  Sm  samples  Sl-SM-i42  and  352  are  (for 
all  practical  purposes)  the  same  and  are  nearly  coincident  with  the  compaction 
curve  for  SI  -SM-342  at  2.  78  percent  moisture  (Figure  2. 13).  The  compaction 
curve  for  the  dried  Pool  #7  sample  lies  to  the  right  of  its  curve  at  4.  41 
percent  moisture. 

It  is  thus  evident  that  changes  in  moisture  content  alone  do  not  account  for 
scale  shift.  In  addition  to  work  already  underway,  studies  of  deagglomeration 
and  changes  in  viability  will  be  included  to  further  explore  this  problem. 

2,1.4  Fracture  of  Particles  during  Compaction 

A  study  is  currently  underway  to  determine  the  extent  of  particle  tracture 
represented  by  changes  in  partlcle»si*e  distribution  that  occur  during  the  com* 
paction  of  a  powder  sample.  We  are  determining  experimentally  the  change*  in 
Whitby  particle  >siae  distributions  of  a  saccharin  sample  under  a  compressive 
stress  of  2.  84  dynee/cm^. 

Considering  the  transmission  of  applied  stress  through  a  bed  of  powder  by 
means  of  interparticle  contacte,  the  interparticle  contact  area  in  a  plane  normal 
to  the  compreielve  stress  is  less  than  the  total  cross-sectional  area,  and  the 
stress  in  the  bed  would  therefore  be  larger  than  the  applied  stress.  If  this 
stress  in  the  bed  is  sufficient  to  cause  failure,  then  the  size  distribution  will 
be  changed. 

Saccharin  with  an  MMD  of  6.  9  microns  and  a  standard  deviation  of  1.  48 

/  ^  1 

was  compressed  in  the  compaction  apparatus  '  *  by  the  Instron  test  machine  to 
a  compressive  stress  of  2.  84  x  10^  dynes/cm^.  Saccharin  samples  of  approxi¬ 
mately  a  milligram  quantity*  were  then  withdrawn  from  the  2  1/2-in.  diameter 
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Figart  2. 14.  Compaction  5tr«»i  Varaua  Bulk  Drnaity  for  fcn  {Dried) 
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powder  ^eceptacl*)  and  ite  poaition  from  the  center  wae  recorded.  Si*e 
analyaea  of  the  aamplea  were  performed,  typical  reeulte  of  which  are  pre- 
eented  in  figure  2. 15,  It  ie  evident  that  a  change  in  particle-eiee  dletribotion 
haa  occurred.  Admittedly,  thl#  teat  waa  performed  at  a  high  atreaa  level, 
which  raay  exaggerate  the  effect.  But  it  should  be  informative  to  make  a  quick 
check  through  a  wider  range  of  compreeetve  streaeea  and  with  different  powdere 
to  determine  whether  eignificant  changee  in  alae  diatribution  reault  from  the  com 
paction  proceea.  Particular  attention  should  be  paid  to  powders  with  compaction 
curves  whose  slopea  decrease  at  their  upper  portions  (see  figure  2.  16),  This 
deviation  from  a  straight  line  on  the  log-log  plot  of  compaction  strecs  vereue 
density  might  indicate  that  particle  failure  is  occurring,  thus  allowing  density 
to  Increase  more  rapidly  with  stress.  Sm  would  be  a  good  sample  for  this  test. 
See  the  compaction  curves  for  Sm  (Figures  2.  13  and  2. 14)  in  this  report  and 
note  the  changes  in  slope  In  the  vicinity  of  e  «  2,  8  dynes/cm  . 


figure  2.  16  Illustration  of  Deviationa  fromXog-Log  Plot  of 
Compressive  Stress  versus  Density 
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A  number  of  fundamentel  (tudiea  carried  out  in  thie  laboratory*  have 
shown  that  Cab-o-Sll  type  additives  can  be  used  to  measure  flowability  and  dis> 
persibllity  of  powdered  materials.  These  experijnents  were  carried  out  on 
uncompacted  powders.  Although  the  use  of  additives  with  BW  materials  is 
not  currently  being  stressed,  we  felt  that  the  possibility  of  these  principles 
being  applied  to  dissimination  of  compacted  powders  warranted  investigation. 

Powder  samples  were  mixed  with  0.  25  to  5.0  percent  Cab-o-Sil  by  weight 
by  processing  through  a  modified  fluid-energy  mill.  Energy -of- compaction 
data  obtained  from  these  samples  indicated  that  much  greater  stresses  were 
requited  to  compact  the  Cab-o-Sll  altered  samples  than  to  compact  the  un¬ 
altered  powders  to  the  same  bulk  densities.  We  have  thus  made  a  preliminary 
observation  that  the  desirable  properties  which  result  from  the  addition  of 
Cab-o-Sll  will  be  obtained  at  the  expense  of  greater  difficulty  In  compacting 
the  sample. 

2.1.6  Wall-Stress  Distribution 

We  are  designing  end  building  a  piston -cylinder  apparatus  that  will  be 
capable  of  measuring  stress  at  the  cylinder  wall  created  by  the  powder  under¬ 
going  compaction.  The  measurement  will  be  made  as  a  function  of  a  number 
of  variables  including  typs  of  powder,  applied  stress,  and  wall  friction.  This 
information  will  be  of  both  theoretical  and  practical  value.  Details  of  this 
study  will  be  presented  in  our  next  quarterly  report. 

A  sketch  of  the  piston-cylinder  unit  of  the  apparatus  appears  in  Figure  2.  17. 
The  thin  brass  sleeve  was  rlgidised  by  the  outer  heavy -walled  aluminum  sleeve. 
Holes  drilled  through  the  aluminum  sleeve  permit  strain  gauges  to  be  placed 
upon  diaphragm -like  segmentsof  the  inner  brass  sleeve.  Preliminary  tests 
show  that  these  gauged  areas  are  very  sensitive  to  changes  in  wall  stress. 

The  system  of  strain  gauges  is  currently  being  connected  to  an  automatic 
switching  and  recording  system  to  permit  efAcient  and  accurate  data  collectione. 
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Figure  2.  17  Sketch  of  Apparetue  for  Meaeurement  of  Wall  Streaees 
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2. 2  Behavior  of  Powder*  In  th«  Uncompacted  State 

Our  current  objective  in  this  area  of  itudy  ie  to  determine  the  behavior 
of  fine  powderi  undergoing  fluidiaation.  Studies  are  being  made  to  determine 
the  length  of  time  required  for  equilibration  of  the  fluid  bed,  the  percentage  of 
mass  lost  by  a  powder  undergoing  fluidizationi  and  the  extent  of  particle-size 
segregation  during  fluidization. 

2.  2.  1  The  Fluidization  Process 

A  fluidized  bed  is  a  fluid-solid  system  in  which  a  bed  of  finely  divided 
solid  particles  is  lifted  by  a  stream  of  fluid. 

When  a  fluid  is  passed  through  a  bed  of  solid  granular  material,  one  of 
two  things  can  occur.  If  particulate  fluidization  takes  place,  there  will  be  a 
uniform  expansion  of  the  bed,  in  which  the  increasing  spaces  between  particles 
allow  greater  ease  of  passage  of  the  fluid.  If  aggregative  fluidization  takes 
place,  there  will  be  a  bed  expansion  accompanied  by  the  formation  of  large 
bubbles  that  is  analogous  to  the  upward  flow  of  gas  through  a  column  of  liquid. 
Whether  a  fluid-solid  system  will  exhibit  particulate  or  aggregative  fluidization 
depends  on  the  ratio  of  particle  density  to  fluid  density  and  (to  a  lesser  extent) 
on  particle  size.  Particulate  fluidization  generally  occurs  when  the  fluid  is  a 
liquid,  and  aggregative  fluidization  most  often  occurs  when  the  fluid  is  a  gas. 

Consider  a  bed  of  particles  resting  on  a  fine  mesh  screen.  As  the  fluid 
velocity  through  the  bed  is  Increased,  the  pressure  drop  across  the  bed  in¬ 
creases  until  it  equals  the  weight  of  the  bed  per  unit  area  of  the  grid  plate. 

This  is  the  point  of  incipient  fluidization,  which  is  defined  as  the  lowest  stqier- 
ficial  fluid  velocity  at  which  the  pressure  drop  across  the  bed  (at  its  lowest 
density)  equals  the  weight  of  the  bed  charge.  ^ 

When  the  point  of  incipient  fluidization  is  reached,  continued  increase  of 
fluid  velocity  produces  no  further  increase  in  pressure  drop,  but  results  in 
an  expansion  of  the  bed,  in  which  the  void  spaces  between  the  particles  are 
increased,  and  the  individual  particles  rest  more  upon  a  cushion  of  the  fluid 
than  directly  upon  each  other. 
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Slagging  and  channeling  are  the  two  major  probleme  encountered  in  fluidised 
bed  ejqieriments.  12  either  is  present,  it  must  be  eliminated  before  meaningful 
results  can  be  obtained. 

Channeling  is  a  condition  in  which  fluid  passes  through  a  bed  of  particles 
along  a  preferred  path.  Once  started,  channeling  tends  to  grow  worse  until 
almost  all  the  fluid  is  passing  through  the  channel  instead  of  being  distributed 
evenly  throughout  the  bed.  One  of  the  causes  of  channeling  is  a  poor  distribu¬ 
tion  of  the  solid  material  in  the  bed  before  fluidization.  If  the  initial  packing 
is  such  that  a  partial  channel  exists,  the  fluid  will  tend  to  follow  this  path  of 
least  resistance.  It  Is  also  very  important  for  the  fluid  to  be  well  distributed 
over  the  entire  area  of  the  bed  by  the  grid  plate.  A  large  number  of  small 
holes  are  preferred  to  a  few  large  ones. 

Slugging  results  when  a  bubble  increases  in  size  until  its  diameter  equals 
that  of  the  tube.  It  than  carries  a  slug  of  powder  with  it  as  it  rises.  Fluid 
velocity  is  an  important  factor  in  the  rate  of  bubble  growth.  For  a  given  rate 
of  bubble  growth,  slugging  can  be  eliminated  by  using  a  fibs  with  a  length*to- 
diameter  ratio  that  allows  the  bubble  to  escape  before  staining  the  diameter  of 
the  tube. 

2.  2.  Z  Apparatus 

Having  completed  a  preliminary  study  on  the  problems  of  fluidization  of 
fine  powders  (described  in  the  previous  report),  a  more  permanent  and  exact* 
ing  experimental  syetem  was  designed  and  constructed.  This  system  is  pre* 
sented  in  Figure  2.  18. 

The  fluidization  chamber  is  composed  of  a  glass  tube  and  nylon  base.  The 
length  of  the  glass  tubs  will  vary  depending  on  the  work  being  done,  but  its  mean 
inside  diameter  is  2.  S9  cm.  The  base,  machined  from  a  solid  nylon  rod,  is 
constructed  in  three  sectiona  for  ease  in  cleaning  and  assembly.  The  grid  plate 
used  for  the  present  series  of  tests  is  a  fins  screen  with  openings  of  about 
169  microns. 
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Figure  2. 13  Fluidixed  Bed  Apperatux 

An  oil  manometer  meaauree  the  pressure  drop  across  the  powder  bed  and 
grid  plate  through  a  pressure  tap  on  the  side  of  the  bate.  Silicone  oil  with  a 
density  of  1.  066  g/cm^  is  used  in  the  manometer. 

The  fluidizing  media  (air  is  currently  being  used)  enters  the  base  just 
below  the  grid  plate.  The  flow  rate  is  measured  by  a  rotameter  and  is  con¬ 
trolled  by  a  0-2  Ib/in.  ^  pressure  regulator.  Fine  adjustments  in  flow  rate 
can  be  made  with  a  20 -turn  needle  valve. 

In  discussing  flow  rates  in  connection  with  fluidized  beds,  it  is  con¬ 
venient  to  Use  fluid  velocity  because  thie  takea  tube  diameter  into  accoimt. 
Velocities  up  to  about  20  cm/scc  are  possible  with  the  present  apparatus. 
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2.  2.  3  Experimental  ProcedorB  and  Re«\ilt« 


A  serie*  of  expenmentel  etudiei  a*ing  granulated  »ugar  wa«  carried  out 
using  the  new  experimental  arrangement.  The  preeeure  drop  (Ap)  was  studied 
as  a  function  of  fluid  relocity  (v)  for  bed  depths  of  6,  15,  and  25  cm. 

A  set  of  typical  results  is  shown  in  Figure  2. 19.  It  is  seen  that  in  each 
case  there  is  a  peak  before  the  curve  levels  off.  This  is  a  result  of  the  con* 
dition  of  the  bed  before  fluidisation.  If  a  bed  has  maximtun  void  volume,  In  Ap 
will  increase  linearly  with  In  v  until  incipient  fluidisation  velocity  is  reached, 
and  will  then  level  off.  Any  other  packing  will  result  in  the  peak  displayed  here. 

Within  experimental  error,  th»  incipient  fluidization  velocities  of  the  dtree 


bed  depths  agree  quite  well,  as  do  their  slopes  before  incipient  fluidization: 

Bed  Depth 

Incipient  Fluidization  Velocity 

Slope 

6  cm 

2.  55  cm/sec 

3.81 

15  cm 

3. 10  cm/sec 

3.65 

25  cm 

2.  60  cm/ zee 

3,78 

2.  2,  3,  I  Fluidized  Bed  Tests  -  Talc 


In  the  fluidized  bed  teete  reported  in  the  llth  quarterly  report,  we  noted 
that  talc  tends  to  agglomerate  quite  badly  when  it  is  fluidized.  This  effect 
has  been  observed  before  with  email  particles  of  high  material  density, 

As  a  result  of  this  agglomeration,  the  bed's  depth  does  not  remain  consunt, 
but  steadily  decreases  with  time  even  though  the  fluid's  velocity  remains  con¬ 
stant.  The  present  series  of  testa  was  conducted  to  determine  how  much  time 
the  bed  requires  to  reach  equilibrium. 

Channeling  problems  during  the  tests  were  corrected  by  the  addition  of  a 
small  vibrator  to  the  glass  tube.  With  22  g  of  talc,  it  was  then  possible  to 
Obuin  fairly  good  fluidization.  Seventy-five  minute  fluidization  studies  were 
made  under  fluid  velocities  of  4,  8,  and  12  cm/sec.  These  will  be  referred 
to  as  samples  1,  2,  and  3. 


2-27 


Page  determined  to  be  Unciessified 


Reviewed  Ctuet,  KOO,  WHS 
tAW  EO  13526,  Section  3.5 


Date: 


APR  1  2  2013 


Pressure  Drop  mm  Oil  (p  =  1.U66) 


Figure  2.  19  Change  in  Fluid  Velocity  with  dp  in  the  Fluid  Bed 
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After  the  bed  was  prepared,  a  pressure  reguUtor  v/as  adjusted  to  give  the 
desired  fluid  velocity,  and  a  timer  was  started.  Minor  random  corrections  were 
necessary  to  mainUin  proper  fluid  flow.  Periodic  measurements  of  bed  depth 
and  pressure  drop  were  made  and  recorded.  Three  runs  were  made  at  each 
of  the  three  fluid  velocities,  using  fresh  powder  samples  each  time.  Repro¬ 
ducibility  of  results  was  satisfactory. 

One  run  at  each  of  the  flow  rates  is  presented  in  Figure  2.  20.  Bed  depth  is 
plotted  against  time  for  a  bed  fluidized  at  4,  8,  and  12  cm/ sec.  At  the  end  of  the 
75-minute  r-in.  the  bed  depth  at  4  cm/sec  is  28,  7;  at  8  cm/sec  it  is  24.  5;  and  at 
12  cm/ sec  it  is  22,  0.  This  might  be  taken  as  an  indication  that  the  lower  flow 
rate  actually  fluidizes  the  bed  better  than  the  higher.  This  results  from  the 
fact  that  the  higher  flow  rates  agglomerate  the  powder  more,  resulting  in  a 
lower  bed  depth  after  flow  is  stopped.  The  following  table  illustrates  the 


point. 

Sample 

Bed  Depth, 

No  Flow 

Bed  Depth, 
Fluidized 

Percent  of  Expansion 
by  Fluidization  at 
Prescribed  Flow  Rates 

1 

27.4 

28.  7 

4.8 

2 

20.  3 

24.  5 

20.7 

3 

17.9 

22.  0 

22.  9 

Sample  1  was  fluidized  at  4  cm/sec  for  75  minutes.  At  the  end  of  this 
time,  the  bed  depth  was  28.7  cm.  When  fluid  velocity  was  reduced  to  zero 
the  bed  depth  was  27.4.  This  means  it  was  expanded  4.  8  percent  when 
fluidized.  The  same  reasoning  on  Sample  2  (8  cm/sec'  and  Sample  3  (12  cm/sec) 
reveals  that  the  higher  velocities  do  expand  the  bed  by  o  greater  percentage  than 
the  lower  velocities. 

In  the  11th  quarterly  report,  it  was  noted  that  when  a  bed  of  talc  was 
fluidized,  the  slope  of  the  curve  for  bed  depth  vs  fluid  velocity  decreased  with 
each  successive  expansion.  This  was  due  to  the  fact  that  the  powder  was  still 
agglomerating  each  time  the  bed  was  fluidized.  During  the  recent  tests, 
powder  was  fluidized  for  a  75-minute  period.  After  each  of  these  tests. 
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four  successive  expansions  were  made  without  otherwise  disturbing  the  bed. 

It  was  found  that  for  all  four  expansions  the  curve  of  bed  depth  vi  fluid  velo¬ 
city  followed  the  same  path  (within  experimental  error)  for  both  the  8  and 
12  cm/ sec  treated  samples.  The  4  cm/ sec  sample  did  show  some  deviations, 
particularly  at  velocities  above  4  cm/ sec. 

One  would  expect  the  agglomerates  in  the  12  cm/ sec  sample  to  be  largest, 
and  the  4  cm/ sec  sample  to  be  smallest.  This  was  cordirmed  by  the  incipient 
f\\jjrii*aticr.  velocity  for  the  three  samples. 

Sample  Incipient  Fluidiratton  Velocity 

1  0.  6  cm/ sec 

Z  1.2  cm/sec 

3  4.  0  cm/ sec 

At  fluid  velocities  of  8  and  12  cm/sec,  good  aggregative  fluidiration  was 
obtained  throughout  the  bed.  But  at  4  cm/ sec,  we  found  that  fluidiaation  took 
place  in  the  upper  portion  of  the  bed  while  the  lower  portion  was  not  fluidized. 
This  effect  has  been  observed  before  for  heavy-particle  systems,  and  results 
from  the  expansion  of  the  fluid  as  It  passes  from  the  bottom  to  the  fop  of  the 
bed. 


2.  2.  3.  2  Powder  Lost  by  Entrainment 

Because  the  velocities  used  exceed  the  terminal  velocities  for  many  of 
the  particles,  it  is  obvious  that  a  certain  amount  of  the  material  will  be  carried 
out  of  the  bed  and  be  lost  by  entrainment.  At  4  cm/  sec  there  was  no  noticeable 
loss.  At  8  cm/aoc  and  12  cm/ sec,  loss  was  visually  detectable.  This  rate  of 
loss  decreased  as  the  powder  agglomerated.  Measured  losses  are  given  below. 

Fluid  Velocity  Powder  Lost 

4  cm/ sec  No  measurable  loss 

8  cm/sec  0.  6  g  or  2.  8  percent 

12  cm/sec  1.  2  g  or  5.  6  percent 
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2.  Z.  3.  3  Particle  Segretatlon  and  Particle  Attrition 


After  a  bed  had  been  fluidlaed  during  a  75 -minute  run,  eamplos  were  taken 
from  the  top  and  bottom  of  the  bed.  The  samples  were  subjected  to  sise  analyses 
by  the  Whitby  technique.  There  were  six  samples  (top  and  bottom  for  4,  8,  and 
12  cm/sec  runs),  and  all  were  found  to  have  identical  size  distributions.  The 
values  obtained  also  agreed  with  those  for  unfluidized  talc.  It  appears  that 
there  has  been  little,  if  any,  segregation  or  attrition  during  the  current 
experiments. 

2,  2.  4  Conclusions  and  Puturc  Work 

We  have  shown  that  \inder  properly  controlled  conditions,  powders  with 
diameters  in  the  b -micron  range  can  be  satisfactorily  fluidized  «dth  only 
limited  loss  of  product  from  the  bed.  Agglomeration  does  occur  but  without 
particle-size  segregation  within  the  bed. 

Future  work  will  include  the  fluidization  of  other  types  of  powders,  and 
attempts  will  be  made  to  conduct  "viscosity"  measurements  in  the  fluid  bed. 

In  addition,  experiments  will  be  performed  in  beds  of  bulk  powder  to  deter¬ 
mine  Interparticle  resistance  to  flow  and  resistance  to  flow  mnposed  by 
various  geometric  shapes. 
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3.  PHYSICAL.  AND  CHEMICAL  CHARACTERISTICS  OF  THE  POWDER 

PARTICLE 

Behavior  of  particulate  material  ie  fundamentally  determined  by  the  nature 
of  the  intennolecular  forces  (physical  and  chemical)  existing  at  the  contact  areas 
between  particles.  The  number  and  character  of  these  contacts  is  directly  re¬ 
lated  to  the  nature  of  the  surfaces  of  the  powder  particles.  To  study  this  pro¬ 
blem.  we  are  comparing  the  e^qierimentally  determined  external  surface  of  a 
particle  with  a  calculated  theoretically  spherical  particle  surface  to  obtain  a 
measure  of  the  roughness  of  an  external  surface.  The  use  of  electron  and  light 
microscopy  it  providing  excellent  siqjplementary  particle -shape  information. 

The  problem  of  measuring  the  strengths  of  agglomerates  and  the  problem  of 
powder -to -metal  friction  are  currently  being  investigated. 

3,  I  Total  Surface  Area 

The  BET  gae  adsorption  method  {named  for  Brunauer,  Emmett,  and  Teller, 
its  developers)  is  being  ueed  to  determine  the  total  surface  area  of  various 
powdsrs.  By  this  method,  the  qtiantity  of  gas  necessary  to  form  a  monomole - 
cular  layer  on  the  surface  of  the  particle  is  determined.  By  assuming  a  value 
for  the  area  covered  by  a  single  molecule,  we  are  able  to  calculate  the  area 
covered  by  the  adaorbed  gae.  During  the  preceding  quarter,  the  total  surface 
area  of  ulc  was  determined.  Talc  particles  are  jagged.  irregwJar,  porous 
platelets  (see  electron  micrographs  in  section  3.  2)  whereas  saccharin  has  a 
relatively  smooth,  nonporous  surface,  We  investigated  the  surface  structure 
of  saccharin  for  comparison  during  this  quarter. 

3.1.i  Total  Surface  Area  of  Saccharin 

The  total  surface  area  of  saccharin  samples  has  been  measured,  and  a 
procedure  has  been  developed  to  cope  with  the  problem  of  sublimation  or  other 
typee  of  decomposition.  A  significant  difference  between  the  total  surface 
areas  of  saccharin  and  talc  observed.  Uncertainties  in  total  surface 
measurements  were  anai/aed  in  an  error  analysis  of  ths  BET  method  as 
applied  to  the  gravimetric  system. 

3-1 


Page 

Reviewed  Chte*. 

IAWEO  33526.  Seclion  3.5 

APR  1 2  im 


In  the  application  of  surface-area  measurements  to  powders  (e.  g. ,  cata¬ 
lytic  materials)  there  Is  no  doubt  about  the  sUbility  of  the  powder  under  test 
conditions.  The  only  concern  is  the  removal  of  adsorbed  contaminants,  and 
degassing  conditions  are  controlled  by  the  nature  of  the  contaminant. 

However,  in  the  case  of  saccharin,  the  stability  of  the  powder  is  the  con¬ 
trolling  factor  for  degassing  conditions.  Saccharin  sublimes  readily  at 
temperatures  about  50  F  above  room  temperature  at  pressures  of  approxi¬ 
mately  5  X  10*®  mm  Hg.  At  room  temperature,  its  sublimation  rate  is 
negligible,  permitting  degassing  at  this  temperature. 

A  degassing  procedure  of  evacuation  at  a  pressure  less  than  5  x  10 
mm  Hg  at  76  F  for  2  days  will  provide  the  "degassed  state".  The  degassed 
state  is  defined  as  the  state  where  further  degassing  will  not  produce  any 
increase  In  surface  area.  If  there  are  any  contaminants  remaining,  they  may 
be  In  one  sense  considered  part  of  the  structure,  since  to  remove  them  one 
would  have  to  decompose  the  powder.  In  this  case,  decomposition  means 
sublimation, 

The  degassing  temperature  was  decreased  until  sublimation  occurred  at 
a  negligible  rate.  At  high  temperature  (160  F)  saccharin  was  observed  to 
condense  above  the  heating  zone.  At  lower  temperatures  (96  F)  saccharin 
was  shown  to  be  subliming  by  the  fact  that  surface  area  increased  with  time 
of  evacuation  (Figure  3, 1  and  3.  2).  Figure  3,  2  shows  the  isotherms  as  the 
surface  area  increased  from  0.  8  m  /g  to  2,  32  m  /g  and  as  temperature  and 
degassing  time  were  increased  for  the  same  sample.  Figure  3.  3  and  Figure  3.  1 
show  isotherms  for  degassing  at  room  temperature.  The  surface  areas  of  two 
samples  are  reproducible  for  much  different  evacuation  times,  and  for  the 
same  powder  the  area  does  not  Increase  with  evacuation  time.  Measurement 
of  the  total  surface  area  under  conditions  of  powder  stability  has  thus  been 
accomplished. 

Applying  the  BFT  equationto  the  adsorption  data,^^^  we  obtain  a  specific 
surface  for  saccharin  of  1.  53  m^/g  *  7  percent.  The  specific  surface  from 
the  surface  mean  diameter,  calculated  from  the  MMD  of  6,  9  microns,  is 

0.  7lm^/g.  The  rugosity  defined  as  BET  Surface  Area  .  ,, 

Surface  area  irom  MmD  (Whitby) 
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Figure  3. 1  Saccharin  Behavior 


Run  Degaealng  Condition* 


Temperature 

Time  (hr) 

Preaaure  (mm  Hg) 

2 

Area  (m  /g) 

Comment 

1 

76  F 

16 

<5  X  10‘* 

0.8 

Rune  1*4  are 
the  same  sample. 

2 

96  F 

-(-26 

<  5  X  10“^ 

1.23 

Plus  time 

3 

96  F 

+  16 

<  5  X  10'^ 

1.89 

is  that  lA  addition 
to  previous  rtm. 

4 

85  F 

>19 

<  5  X  10"^ 

2.  32 

5 

76  F 

113 

<  5  X  10’® 

1.53 

6 

76  r 

18 

1  X  10"^ 

1.32 

Runs  6-8  are 
the  same  sample. 

7 

76  F 

■(■30 

<  5  X  10*^ 

1.59 

Plus  time  is  that 
in  addition  to 

8 

76  F 

+19 

<  5  X  10"* 

1.42 

previous  run. 
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Volume  Adsorbed  cm  (STP)/g  Saccharin 


Figure  3.  2  N,  Adeorption  on  Saccharin  as  a  Function 
orDegaselng  Condition 
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Figure  3.  3  N2  Adsorption  by  Saccharin  after  Various 

Degassing  Conditions  at  Room  Temperature 
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From  the  complete  isotherm  (Figure  3.4),  we  see  that  saccharin  exfaiblta 
no  hysteresis.  This  indicates  that  saccharin  has  little  or  no  internal  surface 
or  pore  structure.  This  la  in  marked  contrast  to  talc/^^  which  exhibits  definite 
hysteresis.  The  rugosity  of  2. 2  Indicates  that  a  small  amount  of  internal  surface 
exists.  This  can  be  seen  by  comparing  to  one  "roughness  factor"  defined  as 

BET  Surface  Area 
f^lectron-microscope  Area  ' 

Numerous  powders  exhibited  roughness  factors  of  1  to  i,  5.  Surface  areas 
based  on  XIMD  by  the  Whitby  method  are  usually  a  little  larger  than  those  based 
on  electron-microscope  determinations.  Therefore,  the  rugosity  factor  will 
be  somewhat  leas  than  the  roughness  factor  for  a  given  powder. 


3.1.2  An^ysis  of  FM»erimental  Errors  in  the  Gravimetric  BET  Method 
of  Measuring  Au'facs  Areas  '  ” 


The  BST  equation  used  to  determine  surface  areas  by  adsorption  is 


P/P 


o  1 

V(i  :'P7P  )  °  T~er 

o  m  m 


(1) 


where 


V  «  Volume  adsorbed  (STP)  at  pressure  P 

=  Vapor  pressure  of  gas  at  adsorption  temperature 
C  =  Constant 

V^  3  Volume  required  to  form  monolayer 
From  a  plot  of 


P/^o  P 

vrrrpTPj'^*  F 


(2) 


the  slope  S  and  intercept  I  are  calculated,  and  are  in  turn  used  to  calculate 


V^  by  the  equation 


'^m'^STT 


(3) 


1 

( 
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Figure  3.  4 


0.  4 

P/P^ 
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£jqp«rimeiital  error*  or  uncertalntieB  effect  the  qiiutities 

P/P^ 

*^1  ~  VTr^~P7P^ ' 

**2  =  P/Po  •  <5) 

The  errors  in  F|^  and  are  composed  of  the  error*  In  each  of  the  element* 

P.  P  ,  and  V, 
o 


The  error*  in  F^  and  F^  are  related  to  the  errors  in  P,  P^,  and  V  by  the 
equation 


In  other  words,  the  square  of  the  error  ie  equal  to  the  sum  of  the  square*  of 
error*  contributed  by  each  element. 


Substituting  Equation*  (4)  into  (6)  and  (5)  into  (7),  we  obtain 


P/P 


d  F,  = 


1  -  Vrr  -  P7PJ 


f(dP/P)^  +  (dP^/P^)^ 

(1  -  P/P^)^ 


dV  ' 

IT, 


l/Z 


fdPol 

l"l 

-p- 

l\  /  ' 

i  p 

Converting  to  percent  of  error. 
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f 


dr. 


(d  P/P)^  +  (d 

(1  P/P^)^ 


1/2 


dV 

V 


d  F. 


(8) 


19) 


In  the  outline  below,  we  determine  individually  by  the  technique  above  the 
uncertainty  due  to  each  element. 

3, 1.  2.  1  Frror  in  P  and  P 


The  error  in  P  and  P^  la  due  to  reading  error: 
dP  s  (error  in  reading  each  manometer  leg) 

3. 1.  2,  2  Error  in  Volume  Adaorbed 


(10) 


The  volume  of  gaa  adaorbed  ia  obtained  from  the  weight  adaorbed,  by 
the  ideal  gaa  law: 

W. 


V  5 


'a  RT 


AM  dW 
dV  a 


The  percent  of  error  in  V  ia 


where  =  weight  adaorbed. 

ia  related  to  e^qierimental  data  for  gravimetric  methoda  by 


(ID 


a 


IT 
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The  percent  of  error  in  W  due  to  error  In  each  component  1» 


dW 

a 
a 

where 

=  weight  change  recorded  by  spring 
"^Bf  “  **'i®y*'‘*  force 

=  weight  of  sample. 

3.  1,2.  2.1  Error  In  Weight  Change 


|(dW  )i(dW 
_ _ 


ep 


^Bf) 


Bf' 

r 


1/2 


(12) 


e^rror  in  weignt  cnange  as  measured  by  spring 


determined  by  the  equation 


The  percent  of  error  is 


W,p  =  D,/K. 


where 


(13) 


-  displacement  read  by  filar  eye  piece 
K  9  sensitivity  of  spring,  filar  units/unit  weight. 

The  error  in  is 

dDj  =  (error  in  making  each  ready)  YT  (14) 


The  error  in  K  is  due  to  calibration  errors  and  uncertainty  of  spring 
temperature.  The  sensitivity  is  determined  by  the  calibration  equation. 


K  = 


^fcal 

nr-; 

cal 
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and  the  percent  of  error  is 


K 

where 

^fcal  =  diapUcement  read  by  filar  eye  piece  in  calibration 
^cal  "  weight  uaed  to  calibrate  the  eye  piece. 

Error  in  K  for  quart*  apring*  due  to  temperature  uncertainty  ia  given  by,^*^^ 


fcal 


Id  U 


IX 


'cal 


|l/2 


cal ' 


(15) 


-  1.23  X  10’“* 

^  fC  A. 

•gTjr  dT  =>  1.  23  X  10  KdT 


(16) 


where 

T  =  temperature  of  apring 
dT  =  temperature  uncertainty 

The  percent  of  error  in  K  due  to  temperature  and  calibration  uncertainty  is 


dK 

IT’ 


Id  D 


fcal 


dM 

+  (1.23  X  10“*  dT)^ 


(17) 


•a  j 

Percent  of  error  in  due  to  each  experimental  error  ia  found  by 
aubatituting  Equation  (17)  into  Equation  (13)! 


dW 

•? 


d  D. 


fd  D 


fcal 


“^fcai 


2  j  ^  \  ^ 

+  [-3j-^|  +  (1. 23  X  10*'*  iir,^ 


1/2 


‘cal 


(18) 


3. 1.2.  2.  2  Error  in  Buoyant  Force 


Buoyant  forcea  are  calctiiated  by 


''Bf  '  ''t  % 
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f 


I 

^  1; 


I 

!1 


and  percent  of  error  by 


d  W 


Bf  . 
Bf 


vrbere 


d 

P  _ 


1/2 


(19) 


=  total  volume  of  eample  plue  quartz  bucket  and  fiber 
P^  3  gaa  denzity. 

The  total  volumo  ie  given  by 

and  the  percent  of  error  by 

/  a 

1/2 


1 

""'t  J 

(d  +  {d 

i 

^T 

'% " ( 

where 

1  } 

(20) 


=  volume  of  quartz 
=  volume  of  eample. 

The  percent  of  error  for  the  quartz  volume  if 


d  V_  I  /d  W_\^  /d  P 


1/2 


q 


where 


^  %  i 


(21) 


=  weight  of  quartz 
P  ^  =  denaity  of  quartz 
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M 


and  the  percent  o£  error  for  the  sample  volume  is 


where 


(22) 


d  Wj  =  from  least  squares  line  for  relating  spring  deflection  to 
weight 

=  sample  weight 
=  sample  density. 

The  density  of  the  vapor  was  calculated  by  the  Bietbelot  equation 


(23) 


where 


V  a  molal  volume 
R  a  gas  constant 

temperature  at  temperature  T 
^R  *  ^®duced  press  at  pressure  P 
T  s  temperature  of  adsorption 
P  a  pressure  of  adsorption. 

If  we  assume  that  the  Birthelot  equation  gives  exact  results,  the  percent 
of  error  in  the  gas  density  is  given  by, 


d  0 


(d  P/P)''  + 


1  -f 


p 

81  *^R 

srr-T 

R  . 


,V/2 


dT 


(24) 


1  ••• 


9  **R 


Iff 


R 
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The  temperature  waa  determined  by  interpolating  between  values  of  vapor 

a 

pressure  versus  temperature  by 

log^=  (0.05113)  (T  -  TJ,  *Bd 
o 

th<  percent  of  error  in  tempe7a.tare  is 


2.  303  ^ 

o 


(25) 


3-l*3  A  Typical  Error  Analysis  to  Determine  Controlling  Errors 


3.  1. 3.  1  Error  in  P  and  P 


The  uncertainty  is  due  to  the  uncertainty  in  reading  the  manometer  leg 
with  the  cathetometer  which  is  0.  1  mm  Hg.  Therefore, 

dP=dP^  =  0.lV2  (26) 


3.  I.  3.  2  Error  in  V 


3.  l,  3,  2.  1  Error  in  Weight 

Error  in  weight  is  given  by  Equation  (18); 


From  critical  tables,  the  equation  relating  vapor  pressure  to  temperature  is 

log  Pmm  =  +  7.  5777- (0.00476)  T 

By  taking  ratios  at  the  adsorption  temperature  and  the  normal  boiling  point 
and  if  the  adsorption  temperature  is  close  to  the  normal  boiling  point,  the 
working  equation  can  be  derived. 
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t 


I . 


d  W 


i£  = 


sp 


d  D 


fcal 


fd  M 


U/2 


fcal 


"ST 


cal 


cal 


+  (1.23  X  10'^  dT)^ 


The  uncertainty  in  reading  the  filar  eye  piece  ia  one  unit.  The  uncertainty 
d  Dj  *  1  Vz"  aince  the  diaplacement  ie  the  difference  between  two  readinga.  In 
the  calibration,  a  10.  02  a  0.  01  tng  weight  wae  uaed  and  produced  a  apring  die* 
placement  of  321  filar  eye^piece  unite. 


d  D 


feed  1 


and 


‘'fcal 
‘^^^cal 


TCT 


cal 


j-s  1.  73  X  10'^ 


0. 01  ,  ,.-3 


The  uncertainty  in  the  temperature  of  the  column  water  was  measured 

at  0,  as  C  . 

1.23  X  10*'*  (0.05)  =  6. 15  X  10*^. 

Becauee  spring  deflectionaof  821  filar  eye-piece  unite  never  occur,  and  becauae 
moat  deflectiona  are  usually  an  order  of  magnitude  less,  the  controlling  error  in 
weight  change  as  measured  by  the  spring  is  the  error  due  to  reading  the  eye  piece 

d  D, 


d  W 


'{ 


(37) 


or 


d  W. 


•P 


-TT- 


This  means  that  the  error  in  is  constant  for  any  given  apring, 
3.  1.3. 2.  2  Error  in  Buoyant  Force 

Errors  in  total  volume  are  given  by  Equation  (20): 

11/2 


3-15 


i 

' 

(d  vy  +  (d  V 
q  » 

I  ^ 

7  / 

(V^>  v/ 
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The  usual  case  is  that  the  volume  of  the  sample  is  10  times  as  large  as  the 
volume  of  quarts.  Therefore,  errors  in  the  sample  volume  would  predominate; 


dV^^d  V. 


T  s 

Errors  In  volume  of  the  sample  are  determined  by  Equation  (22): 


<28) 


d  V 


1/2 


From  least  squares  analysis, 

d  W  =  ®  =  0.  36, 

■  B 

The  error  in  the  true  density  is  approximately  2  percent; 

‘*^s 

0.02 


d  V. 


10.  36  .  , 

rar'  ^ 


2  zl’'" 

(0.02)^  > 


J 


From  this  we  see  that  the  error  in  density  of  the  sample  predominates,  or 

d  V  dp 

~y^  "*  •  (29) 

s  s 

The  error  in  the  density  of  gas  is  provided  by  Equations  (24)  and  (25): 


d  p 


(d  p/pr  + 


,  .  81 

2 

2.  303  ^  **0  1 

^  ^  57  TT 
L  . 

6.05113  ~P~  T 
o 

9  6 


At  the  normal  boiling  point  of  nitrogen,  P^  =  6.  5  x  10*^  and  =  0.  6;  and 
substituting  above  we  get 
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!  I 


d  P 
_ I 

P 


d  P 


/d  P  iZ 
.05  jj^) 


+  1 
"fl.W 


The  percent  of  error  In  P^  la  always  much  less  than  P;  and  dividing  by  T, 
the  temperature  of  adsorption,  makes 

o 


Therefore, 


g 

The  error  in  the  buoyant  force  is  given  by  Eqxjation  (19): 


(30) 


Substitute  Equation  (29),  (29),  and  (30)  into  Equation  (9),  and  we  obtain 


Since  d  P  =  0.  mm  Hg  and  P  Is  always  greater  than  50  mm  Hg, 

d  p. 


—  «-ir 


Therefore, 


dWs,  dp. 


-w 


B£ 


(31) 
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The  error  In  the  volume  adeorbed 


ia  determined  by  Equetions  (U)  and  [12)- 


>  *kA  oamnie  W%B  shown  to 


Beeau..  the  error  in  tU  denalty  of  the  sample  was 
due  to  weighing  the  sample  (see  the  analysis  of  error,  m 
derivation  of  Equation  (29)  1» 


obscure  the  error 
the  buoyant  force), 


1/2 


the  above  equations  provides 


1/2 


(32) 


The  error  in  the  fxincilon 


ts  arrived  at  through  Equation  (8); 


1/2 


dF^  (d  P/P)^  t  (d  ^  |d_V  I  . 

.. 1. 1  -  --  Ti 

pre.sure  in  the  buoyant-force  error  analysis,  denvati 
approximate  the  error  in  Fj  by 

d  T, 


d  V 


and  substituting  Equation  (32),  we  get 


3-18 


eminedtobeUncl^««<* 

j  Chtet,  RDO.  V'jWS 

13826,  Se^ 

APR  1  5  2013 


1/2 


dD^ 

“IT 


w 


»  J 


(33) 


V  y 

For  the  tame  reeeon,  we  can  eay  that  the  error  in  is  much  greater 
than  the  error  in  F2  plots  only  the  error  in  need  be  conetdered. 


?.1.4  Application  of  the  Error  Analysis 


In  Figure  3.b  ,  the  results  of  the  error  analysis  are  applied  to  the  saccharin 

data,  with  the  uncertainty  of  each' point  plotted  as  an  "error  bar".  The  solid 

2 

line  j.s  the  average  line  depicting  the  area  for  saccharin  of  1.  53  m  /g.  The 
dashed  lines  are  the  envelopes  of  the  most  probable  slopes  drawn  through  any 
set  of  data.  They  were  drawn  to  include  2/3  of  the  error  bars  in  each  run. 

The  areas  calculated  from  these  envelopes  represent  an  uncertainty  of 
7  percent.  The  envelope  include  about  2/3  of  the, points,  giving  credence 
to  the  concept  that  1.  53  is  the  most  probable  value,  with  7  percent  being  the 
standard  deviation. 


3.  2  Particle  Shape 

Slectron  and  light  microscopes  have  been  used  to  obtain  very  useful 
particle-shape  information  on  many  of  the  powders  currently  under  study. 
Figures  3.6  through  3.  16  contain  micrographs  of  talc,  saccharin,  egg 
albxunin,  powdered  milk,  Sm,  powdered  sugar,  and  cornstarch.  Although 
the  micrographs  "speak  for  thsmselves",  It  la  Interesting  to  note  the  unique, 
Jagged,  plate-like  structure  of  talc  because  compacted  talc  displays  much 
greater  elasticity  than  any  of  the  other  powders  under  study  The  micrographs 
indicate  a  complete  range  of  shape  characteristics  from  the  irregular  structure 
of  talc  to  the  smooth,  nearly  spherical  structure  of  cornstarch.  Figure  }.  13 
dramatizes  the  wide  range  of  particle  sizea  found  typically  in  Sm  sampiea. 
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Figure  3  5  Uncertainty  in  B£T  Plot  ol  Adsorption  by  Saccharin 


Figure  3.  o 

Powder  Ground  Talc _ _  MMD  (Whitby)  1.  75  microns 

Method  of  Diipereion  •‘^^t'osol  cloud  formed  by  hand  syringe. 

Gravitational  settling  of  powders  upon  a  specimen  grid. _ 

Magnification  30,000X  (.microscope),  Z.  5X  (enlargement);  75,  OOOX  total 
Micrograph  No.  63-2-71 _ 


3-21 

Page  determined  to  be  Unclassified 
Reviewed  Chief,  ROD.  WHS 
lAW  EO 1IIS3II,  34 

A  hh  1  ft  nft'f'* 


t  igure  3.7 

Powder  Ground  Talc _ ^ _  MMD  (Whitby)  1.  75  microns 

Method  of  Diaper aion  Gravitauor.al  settling  in  an  aerosol  chamber  upon  a 
specimen  grid.  Aerosol  iormed  by  hano 


Magnification  30.000X  (microscope):  2,  5X  (enlargement);  75,  OOOX  total 
Micrograph  No.  ^ _ _ _ 
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Figure  3.  8 


Powder  Ground  Talc _  MMD  (WTiitby)  I.  75  micrgns 

Method  o£  Dieperelon  Particles  diapersed  in  liquid  naphtha.  Susoersion 
Uquia  sprayea  on  speciinen  grid  with  r'aasca  Type  *  Airorusn. 

Manaification  iOiOOOX  (microscope),  2.  5X  (enLargemer.t);  25,  QOOX  total 

Micrograph  No.  63-4-43 _ 

(specimen  grid  shadow  cast  witi".  chromium  at  a  3  to  5 
height  to  length  ratio) 
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Magnification  lO.OOOX  (microscope);  2.  5X  (enlargement);  25,OQOX  total 

Micrograph  No.  63-4-44 _ 

(Specimen  grid  shadow  cast  with  chronriium  at  a  3  :0  5  heigr 
to  length  ratio.  ] 
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Powder  Ground  Saecha 


MMD  (Whitby)  6.  9  microns 


Magnification  lO.OOOX  (microscope):  Z.  5X  (enlargement);  Z5,000X  total 

Micrograph  No.  63-4-52 _ 

(Specimen  grid  shadow  cast  with  chromium  at  a  3  to  5  height 
to  Length  ratio.  ) 
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Figure  3.11 

Powder  Ground  Egg  Albumin _  MMJO  (WTiitby)  4.  8  microns 

Method  of  Di«per«ion  Pry  powder  dispersed  on  specirnen  grid  with  a 
Paaache  Tyra  V.'i  rui-mush  (15  i”  and  40  oai). 


Magnification  lO.OOOX  (micrcacope);  2,  5X  (enlargement);  25,  QQOX  total 

Micrograph  No.  63-4-48 _ _ 

(Specimen  grid  shadow  cast  with  chromium  at  a  3  to  5  height 
to  length  ratio.  ) 
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Figure  3.  12 


Powder  Grovind  Powdered  Milk _  MMD  (Wliitby)  7.  0  microns - 

Method  of  TK.per.ion  Disperged  in  naphtha;  sprayed  on  grid  with  a  Paasche^ 

Type  Ai.r’orush  (15  in.  anu  tO  _ _ _ _ _ 

MagnificatioB  lO.OOOX  (microscope):  2.  5X  (enlargement);  2S,000X_to^ - 

Micrograph  No.  63-4-51 


(Specimen  grid  shadow  cast  with  chromium  at  a  3  to  5  height 
to  length  ratio,  ) 
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Figure  3.  13 

Powder  Sm  (Pool  #  7) _  MMD  (Whitby)  6.  4  microne 

Method  of  ^eoereion  -Dispersed  in  naphtha;  sprayed  on  epecimeii  grid  with  a 

Paaeche  Type  VL  Airbruah  (15  in.  and  40  pai). _ 

Magnificatiog  3,OOOX  (micro scope);  2,  5X  (enlargement);  75,  OOOX  total _ 

Micrograph  No.  63-4-59 _ 
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Figure  3.  14 

Powder  Sm  (Pool  #  7) _  MMD  (Wnitby)  6.  4  microns _ 

Method  of  Diepereioo  Di^peraed  in  butyl  alcohol;  sprayed  on  glass  slide 

with  airbruah  (15  in.  and  40  psi).  _ 

Magnifica-tiop  400X  (light  microtcope);  2,  5X  (enlargement);  l.OOQX  total 
Micrograph  No.  63-B-ll  _ 
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Figure  3.16 

Powder  Unground  Cornstarch _  MMD  (Whitby)  IZ.  Z  rr-.icror.s 

Method  of  Diapersion.  D.i‘^~>ersed  in  butyl  alcohol:  sprayed  on  a  glass  slide 
with  a  Paasche  Type  \'L  Airbrush  (15  in.  and  40  osi). 

Magnification  4Q0X  (light  microscope):  2.  5X  (enlargement):  1  ,  OOOX  toidl 

Micrograph  No.  63-B-  14 _ _ 
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3.  3  Agglomeraf  Strength  £ 

(9)  ' 

We  reported  previously'  '  that  the  energy -of •compaction  apparatus  was  | 

being  used  in  an  attempt  to  measure  the  strength  of  agglomerates  in  a  powder  f< 

bed.  The  results  to  date  are  not  encouraging.  Experimental  conditions  tens! • 

tive  enough  to  measure  agglomerate  strengths  also  pick  up  background  noise, 

vibrations,  and  minor  powder  bed  nonuniformities,  thus  obscuring  the  desired 

information. 

3.  4  Powder-to-Metal  Friction 


The  use  of  graphite  to  reduce  powder -to -metal  friction  is  discussed  in 
various  sections  in  this  report.  Graphite  or  graphite -like  materials  seem  to 
be  unique  in  their  ability  to  reduce  greatly  this  frictional  force  A  study  will 
soon  be  made  to  determine  criteria  for  methods  of  application  and  the 
smoothness  of  metal  surfaces  necessary  to  optimise  this  property. 

3.  5  Particle-Size  Analysis  of  the  Swirl  Disperaer'o  Output 

To  determine  if  grinding  of  powders  is  taking  place  in  the  swirl  dispenser 
used  in  the  aerosol  studies  (see  Section  4.4  of  this  report),  Whttby  size  analyses 
were  determined  on  representative  samples  obtained  from  the  dispenser. 

The  method  of  sampling  consists  of  coupling  a  5  -liter  flask  to  the  output  of 
the  swirl  dispenser  by  means  of  a  short  tube.  The  tube  extends  into  the  flask 
and  is  immersed  in  a  settling  liquid  about  two  inches  deep.  The  settling  medium 
used  is  the  same  as  that  used  in  the  Whitby  technique  for  the  powder  in  question. 
The  swirl  dispenser  was  operated  at  250  psi  of  nitrogen  applied  to  the  gas  inlets 
for  5  seconds. 


1  . 


3-32 


Page  determined  to  be  UnclasslfiOd 
Reviewed  Chief,  ROD,  WHS 
lAWEO  13626,  Section  3.6 


bate'. 


/IPR  1  S  2013 


r 


i. 


{ 

I 

( 


»■ 

i' 

h 

AftAr  a  nin,  the  eettllng  medium  contaiaiag  the  powder  w»e  concentrated 
by  centrifugal  force.  The  eupernatant  liquid  wae  decanted  and  the  remainder  ; 

wa«  diluted  with  naptha  to  a  predetermined  ratio.  The  mixture  waa  then  used 
aa  the  feeding  liquid  for  Whitby  else  analyiie- 

The  results  obtained  were  as  follows: 

Original  Sample  Dispersed  Sample 


MUD 

Std,  Dev. 

MMD 

Std.  Dev. 

Saccharin 

6.  7|i 

I.  50 

6.  7u 

1, 47 

Powdered  Sugar 

32lt 

2.07 

32  u 

1. 60 

We  determined  from  these  analyses  that  little,  if  any,  grinding  it  taking 
place  in  the  disperser. 
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4.  AEROSOL  STUDIES 


During  thii  period,  a  program  of  reaearcb  waa  initiated  study  the 
effects  of  atmoepherle  charge  condltloae  on  aerosol  decay.  Ion  concentra- 
tion  in  the  aerosol  chamber  was  varied  by  Introducing  large  quantities  of 
positive  ions  at  selected  times  In  an  aerosol's  history  by  means  of  a  corona* 
discharge  Ion  generator.  Other  testa  were  conducted  in  addition  to  the  electro 
static-charge  runs  and  are  disucssed  later  in  this  section. 

4. 1  Description  and  Operating  Characteristics  of  the  Corona-Point 
Ion  Generator 


The  general  operating  characteristics  of  corona-discharge  Ion  generators 
are  discussed  at  some  length  in  the  literature  and  will  be  treated  only  briefly 
here.  The  specific  design  of  the  unit  used  was  developed  by  General  Mills,  Inc. 
personnel  on  another  contract,  and  a  detailed  deocription  may  be  seen  in  the 
associated  reports.^  The  corona  point  ion  generator  is  shown  schematically 
in  the  accompanying  sketch. 


6 

H.V. 


Corona  Needle 


’  Meul  Base  Plate 


/  n  n  n  n !  n  u  i 


J-i" 


7771  \/  /  n  /jm 

i-Xn 


Insulating  Housing 


Oas  Inlet 


Figure  4.  1  Corona 'Point  Ion  Generator 
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When  e  voltage  la  applied  to  the  corona  needle,  a  high  electric  field  la  eetab- 
liahed  at  ita  point.  The  atrength  of  thia  field  ia  directly  proportional  to  the 
applied  voltage  and  inveraely  proportional  to  the  radiua  of  the  needle'a  tip. 
For  a  auitabla  combination  of  tip  radiua  and  applied  voltage,  the  electric 
field  atrength  in  the  immediate  neighborhood  of  the  point  ia  great  enough  to 
cauae  ionization  of  the  gaa  molecolea  In  that  region.  In  the  case  where  the 
needle  is  positive,  the  resulting  negative  ions  (presumably  free  electrons) 
arc  collected  at  the  needle  after  traveling  a  short  dittance.  The  positive 
Iona  drift  toward  the  grounded  base  plate  at  a  velocity  governed  by  the  elec¬ 
tric  field  and  the  ion  mobility.  U  a  gaa  is  admitted  through  the  gaa  inlet,  a 
"sink  flow"  of  gas  developea  at  the  exit  orifice.  At  aonic  operation,  the 
velocity  of  thia  flow  is  such  that  a  large  fraction  of  the  positive  ion  current 
ia  swept  out  through  the  orifice  and  into  the  region  beyond  the  base  plate. 

The  ionizer  used  in  the  present  work  has  a  needle  sharpened  to  a  tip 
radius  of  about  one  micron.  The  needle  spacing  ji  is  1.  d  mm,  and  the  orifice 
diameter  ^  is  0. 79  mm.  Ory  nitrogen  is  used  as  the  icnizlng  gas.  We 
measured  the  free  ion  current  output  of  the  device  by  collecting  the  ion 
current  in  a  51 -cm  long  by  1-cm  ID  copper  tube  mounted  coaxially  and 
spaced  about  1/8  inch  from  the  base  plate.  The  results  are  shown  in 
Figure  4.  2,  which  also  presents  the  gas  -flow  rate. 

The  ion  gun  is  mounted  in  the  chamber  in  a  position  diametrically 
opposite  the  dispersing  gun,  as  shown  in  the  following  sketch.  Both  guns 
are  exterior  to  the  chamber.  The  base  plate  of  the  ion  gun  is  electrically 
connected  to  the  aluminum  aerosol  chamber,  which  in  turn  is  connected  to 
permanent  ground.  The  tone  that  leave  the  gun  are  eventually  collected  on 
the  chamber's  walls.  (See  Figure  4.  3.) 

We  have  made  measurements  of  curren'  densities  at  equilibrium  flow, 
a  rough  map  of  which  Is  shown  next  Note  that  a  large  fraction  of  the  free 
ion  output  is  collected  on  the  floor  of  the  chamber  near  the  ionizer.  Some¬ 
what  smaller  current  densities  exist  at  other  points  in  the  chamber.  (See 
Figure  4.  4.) 
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Gas.Flow  Rate  -  1/eec 


Location  of  Ion  Gwa 


Fignro  4.  3  Position  Of  Ion  Cun  with  Regpact  to  Dispersing  Cun 
in  the  Aerosol  Chnmber 
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Figure  4. 4  Map  of  Ion  Current  Denaitiee  in  Aexoaol  Chamber 
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4.  2  Procadttre  for  Slectroatatlc- Charge  Run» 


The  eerlet  o£  rune  to  be  reported  here  all  involved  dieperaing  of  100  *  5  mg 
of  powder  into  the  chamber  with  either  aimultaaeoue  (Mode  B)  or  aubee^eat 
{Mode  Q  injection  of  poaitlve  lone.  Theae  rune  are  to  be  compared  to  rune 
where  no  charge  wee  injected  (Mode  A).  The  procedure  for  each  of  the  aerlea 
la  indicated  In  the  diagram.  (Figure  4.  5) 

The  time  acale  for  each  mode  of  operation  la  atarted  when  the  ionizer  gae 
ie  turned  on.  In  each  caae.  the  awLrl  powdar  diaperaer  waa  operated  for  a 
5-aacond  interval  atarting  10  aeconde  after  the  ionizer  gaa.  The  awirl  diaper¬ 
aer  waa  operated  at  60  pal.  The  difference  between  the  modee  of  operation  liea 
in  the  application  of  high  voltage  for  the  corona  needlei  it  ia  thia  voltage  which 
cauaea  ion  production.  In  Mode  A  no  iona  are  injected;  in  Mode  B  lone  are 
ipjeeted  aimultaneoualy  with  the  powder  for  a  lO-aecond  interval;  in  Mode  C 
Iona  are  ii^ected  for  10-aeeond  intervala  alter  powder  injection  (aee  Figure  4,5). 

The  gaa  preaaure  in  the  ionizer  for  the  runa  to  be  reported  waa  30  pal.  and 
aa  the  high  voltage  waa  aat  at  6000  volta,  one  can  now  aee  by-  referring  to 
Figure  4.  2  that  the  volume  of  gae  admitted  waa  10.  2  litera  and  that  the  total 
charge  injected  waa  about  2.  5  x  10'^  coulomba  (1.  S  x  10^^  unicharged  Iona). 

On  the  other  hand,  the  powder  dieperaer  admitted  3. 6  litera  of  gaa  and  about 
100  mg  of  powder  (  —lO^  particlea  of  5-u  diameter).  The  number  of  poeitive 
iona  introduced  per  particle  of  powder  ia  therefore  appro:ipmately  10^. 

We  have,  of  courae,  no  guarantee  that  there  la  actually  a  combination  of 
powder  particlea  and  injected  ions.  One  might  expect  some  fraction  of  the 
powder  particles  that  descend  into  the  chamber  bearing  negative  charge  to  be 
neutralized.  The  extent  of  this  discharging  ia  not  known,  however,  at  the 
present  time.  The  experiment  is  to  be  viewed  aimply  as  one  in  which  the 
aerosol  particlea  are  eigtoeed  to  an  abnormally  large  concentration  of  posi¬ 
tive  ions. 

The  aerosol  enperiments  were  carried  out  under  condinone  of  room 
humidity,  which  remained  relatively  constant  throughout  a  given  series  of 
runa. 
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3  ExperlxnentAl  Reaulta 


Electrostatic  charge  runs  have  been  made  on  talc  and  saccharin.  Each 
powder  was  run  through  the  sequence  of  Modes  A-B-C-A  twice,  the  two  series 
Involving  different  humidity  conditions.  The  light- scattering  data  from  each 
run  wore  reduced  by  the  log-normal  plot  procedure  explained  previously.  The 
half  lives  and  initial  amplitudes  of  the  various  aerosols  are  shown  in  Figures 
4.  6  and  4.  7. 

The  data  points  in  Figures  4.  6  and  4,  7  are  collected  into  groups  according 
to  prevailing  humidity.  Each  group  of  points  represents  4  aerosol  runs  (only 
3  in  one  of  the  saccharin  aeries)  carried  out  under  "identical"  prevailing  humidity 
conditions.  The  fourth  point  in  each  group  is  a  rerun  of  the  no-charge  conditions 
of  the  first  point  and  is  thus  a  check  on  reproducibility. 

The  data  of  Figures  4.  6  and  4.  7  can  be  summarized  as  follows; 

4.  3. 1  Talc  Aerosols 

The  Injection  of  positive  ions  simultaneously  with  the  injection  of  powder 
reduces  aerosol  longevity  under  the  no_charge  condition:  the  injection  of  posi¬ 
tive  ions  after  Injection  of  the  powder  further  reduces  aerosol  longevity. 

4.3.2  Saccharin  Aerosols 

The  injection  of  positive  lone  simultaneously  with  the  injection  of  powder 
increases  longevity,  whereas  ion  injection  after  powder  injection  reduces 
longevity,  under  the  no-charge  injection  condition. 

It  should  be  noted  that  there  is  an  element  of  risk  in  drawing  the  above 
conclusions  from  the  data  available  because  the  reproducibility  is  not  as  good 
at  one  might  hope  for.  It  is  quite  evident,  however,  that  the  stabilities  of 
aerosols  are  affected  by  the  radical  atmosphere  charge  conditions  employed 
here.  In  view  of  this,  it  may  be  necessary  to  modify  certain  statements 
advanced  previously  regarding  the  effect  of  electrostatic  charge  on  aerosol 
decay. 

The  study  will  be  continued  during  the  next  quarter. 
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5'igure  4.  6  Haii  Lives,  Initial  Amplitudes,  and  Prevailing  Humidity 
for  Talc  Aerosol  Electrostatic  Charge  Huns 
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Figure  4.7  Half  Lives,  Initial  Amplitude,  and  Prevailing  Humidity 
for  Saccharin  Aerosol  Electrostatic  Charge  Runs 
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4. 4  Sampling  of  Swirl  Di»par«*r‘«  Output 


One  of  the  queationa  which  haa  plagued  the  aeroaol  program  for  some 
time  ia  whether  grinding  takea  place  in  the  dlaperaiag  proceaa.  During  the 
paat  quarter,  testa  were  made  ia  which  the  entire  output  of  the  awirl  diapen* 
aer  was  collected  and  submitted  to  Whitby  sadimentatibn  size  analysis.  The 
collection  technique  la  diacusaed  In  Section  3. 4  of  this  report.  For  the  two 
powders  tried  ••saccharin  and  powdered  sugar — the  size  distributions  of  the 
swiri-dispersed  sanqiiles  were  nearly  Identical  to  the  size  distributions  of  the 
stocks  from  which  the  samples  were  taken. 

In  another  study  of  the  awirl>dispenner  performance,  the  dispersing  gas-flow 
rate  was  measured  by  means  of  a  capillary  tube  flowmeter.  The  results,  some¬ 
what  higher  than  haa  been  anticipated,  are  shown  in  Figure  4. 8.  . 
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5.  EXPERIMENTS  USING  GRAPHITE  TO  REDUCE  SlDE-WAL-L  FRICTION  OF 

COMPACTED  POWDER  SLIDING  IN  CYLINDERS 

At  the  Fourth  Coordination  Meeting  on  Dlseemination  Reaearch  held  at  Fort 
Detrick  in  May,  1963,  Mr.  Eugene  Flurie  descrihed  some  compacted  powder 
ejqieriments  conducted  at  the.  Biological  Laboratories  in  which  graphite  was 
used  successfully  on  the  walls  of  a  small  cylinder  to  reduce  friction.  Since 
side-wall  friction  is  an  Important  consideration  in  developing  equipment  to  handle 
compacted  dry-agent  materials,  an  investigation  of  the  use  of  graphite  to  reduce 
friction  was  started  at  General  Mills,  Inc.  Most  of  our  interest  in  lowering  side- 
wall  friction  relates  to  the  performance  of  the  £-41  spray  tank  and  its  associated 
loading  equipment.  During  the  development  of  theae  iteme,  a  number  of  experi' 
ments  were  performed  which  provided  data  on  the  force  required  to  move  a  mass 
of  compacted  powder  out  of  the  cylinder  in  which  It  was  compacted.  Some  of  these 
experimenta  were  repeated  during  May  and  June  using  graphite  as  a  lubricant  on 
the  cylinder's  walls.  The  results  were  vary  gratifying.  Use  of  graphite  has 
lowered  frictional -force  by  approximately  SO  percent.  Experimental  procedures 
employed  and  results  obtained  are  discussed  in  the  following  paragraphs. 

5.  1  Procedure 

The  data  reported  herein  were  obtained  in  three  sets  of  e)q>erlments:  Two 
sets  of  teats  were  conducted  in  May  and  August,  1962,  during  a  determination 
of  the  forces  likely  to  be  encountered  in  compacting  and  loading  dry -powder 
charges  into  the  £-41  spray  tank.  These  tests  provided  data  on  density  as  a 
function  of  compactive  pressure,  and  on  the  force  required  to  push  a  body  of 
compacted  powder  out  of  a  cylinder  as  a  function  of  compactive  pressure  and  the 
cylinder's  length-to-dlameter  ratio.  A  6-inch  diameter  aluminum  cylinder  was 
used  in  teats  with  Mistron  Vapor  talc,  and  a  7.  5-inch  cylinder  was  used  with 
powdered  sugar,  flour,  and  powdered  milk. 

For  the  third  set  of  experimenta,  thetes's  w  Ih  talc  and  powdered  sugar 
were  repeated  in  a  6 -inch  cylinder,  using  graphite  to  lubricate  the  cylinder's 
wails.  These  experiments  were  conducted  during  the  latter  part  of  May  and 
early  June,  1963.  Their  objective  was  to  determine  the  effectiveness  of 
graphite  in  lowering  side -wall  resistance  to  the  sliding  of  compacted  powder. 
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The  e;q>erlmental  procedures  were  the  same  for  all  three  sets  of  tests, 

The  powder  was  pressed  into  the  cylinder  using  the  arrangement  shown 
schematically  in  Figure  5. 1.  During  compactloa,  force  was  applied  for  a 
sufficiently  long  period  of  time  to  allow  entrapped  air  to  pass  through  the 
felt  pad  and  air  boles  incorporated  in  the  compactiag  piston.  The  compactive 
force  was  measured  on  the  platform  ecale.  After  completion  of  the  »iHtig 
operation,  the  cylinder  was  raised  off  the  bate  plate  with  spacers  so  that  the 
body  of  compacted  powder  could  be  pushed  down  out  of  the  cylinder.  The 
force  required  wae  meaeured  on  the  platform  scale,  and  the  cylinder  was  kept 
vertical  at  all  timea. 

When  filling  the  cylinder,  we  added  powder  In  incrementa  and  applied  Bpeci> 
fied  connective  force  after  each  addition.  One>half  pound  increments  were  used 
with  talc,  and  one-pound  measures  with  powdered  sugar.  The  total  of 

powder  was  varied  so  that  diffsrent  lengths  of  compacted  powder  specimens 
were  obtained.  The  Isngth-to-diameter  ratios  employed  ranged  from  0.  7  to  2,  5, 
The  compactive  pressures  ranged  from  3.  5  to  13.  1  psi. 

The  graphite  used  to  lubricate  the  cylinder  wall  was  wiped  on  with  a  piece 
of  chamois  skin  when  applied  dry,  This  was  the  case  for  most  of  the  experlmente. 
A  few  trial!  were  made  in  which  tile  graphite  was  mixed  with  a  liquid  and  sprayed 
on  with  a  email  spray  can.  The  film  was  allowed  to  dry  before  we  fUled  the 
cylinder  with  powder.  Water,  alcohol,  and  trichloroethylene  were  tried  as 
vehicles  for  applying  the  graphite  as  a  spray. 

Two  brands  of  finely-dlvided  graphite  were  used.  Their  particle  sizes 
were  not  known,  but  we  plan  to  make  sice  determinations.  One  brand  was 
"620"  powdered  amorphous  graphite  from  the  American  Graphite  Company, 
Tlconderoga,  New  York.  The  other  was  "Mlcrofyne"  lubricating  flake  graphite 
from  the  Joseph  Dixon  Crucible  Company,  Jersey  Citv,  New  Jersey.  There 
was  no  dlecernible  difference  in  performances  of  the  two  brands. 
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Applied  Force 


Figure  S,  1  Schematic  Diagram  of  Arrangement  Used  to  Compact  Powder 
into  a  Cylinder  and  to  Determine  the  Force  Required  to  Trans¬ 
late  the  Compacted  Powder  through  the  Cylinder 
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5.  2  Raaqlta 


The  results  of  the  ejqieriments  are  presented  in  Figures  5.  2,  5.  3,  and  5.  4, 
where  the  force  to  eject  the  body  of  compacted  powder  is  plotted  against  the 
length -to -diameter  ratio  of  the  body  of  powder.  Although  the  ejection  force 
measured  directly  In  pounds,  it  has  been  converted  to  pounds  per  square 
inch  to  permit  a  comparison  of  the  results  obtained  with  the  6 -inch  cylinder 
to  those  from  the  7.  5-inch  cylinder.  In  both  Figures  5.  2  and  5,  3  there  are 
two  sets  of  data  plotted.  The  results  from  the  plain  aluminum  cylinder  are 
represented  by  dashed  lines,  and  those  from  the  graphite -coated  cylinder 
are  depicted  with  solid  lines.  Each  point  represents  a  single  test. 

The  data  from  the  trials  with  talc  are  presented  in  Figure  5. 2.  It  is 
^^***‘^y  evident  that  the  use  ol  graphite  to  lubricate  the  cylinder  produces  an 
appreciable  reduction  in  side-wall  friction.  These  data  also  indicate  that  the 
percentage  of  reduction  is  greater  for  the  larger  length -to -diameter  ratios 
than  it  is  for  the  smaller  ratios.  This  was  observed  for  both  compacUve 
pressures  employed  in  the  trials.  For  the  5.  3  psi  pressure,  the  percentage 
of  reduction  waa  49  percent  at  a  length-to-diameter  ratio  of  1.  5,  increasing 
to  53.  7  percent  at  a  length-to-diameter  ratio  of  2.  3.  For  the  3,  53  psi  com- 
pactive  pressure,  the  percentagescf  reduction  at  the  respective  ratios  were 
28.  8  and  49, 

It  will  also  be  observed  that  the  percentage  of  reduction  in  ejecting  pres¬ 
sure  is  greater  at  a  higher  compactive  pressure  than  at  a  lower  one.  (This 
is  undoubtedly  related  to  the  higher  density  produced  by  the  higher  compactive 
P^***'^*‘*- )  For  a  length-to-dlameter  ratio  of  2,  3  and  a  compactive  pressure 
of  3.  53  psi,  the  use  of  graphite  resulted  In  a  49  percent  reduction  in  ejecting 
pressure  whereas  the  percentage  of  reduction  was  55.  7  percentat  a  pressure  of 
5.  3  psi. 

An  examination  of  the  data  presented  in  Figure  5.  3  for  powdered  sugar 
shows  the  same  general  pattern.  Here  again,  the  use  of  graphite  to  lubricate 
the  cylinder's  walls  before  packing  in  the  powdered  sugar  resulted  in  a  signifi¬ 
cant  reduction  in  the  force  required  to  push  compacted  powder  out  of  the  cylinder. 
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Ejecting  Pressure  -  psi 


{Compactive  Pressure  and  Oeneity  are  Marked  on  the  Curves) 


Figure  3.  2  Comparison  of  Force  to  Eject  Compacted  Tale  from  a  6-inch 
Diameter  Aluminum  Cylinder  with  and  without  Graphite 
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Figure  5.  3  Comperieon  of  Force  to  Eject  Compacted  Pov/dered  Sugar  fro;.n 
a  6-inch  Diameter  Alurtdnum  Cylinder  with  Graphite  and  a 
7.  5-inch  Diameter  Aluminum  Cylinder  without  Graphite. 
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(Compacttv#  Preature  of  3.  53  pai  Uaad  for  AU  Triala) 
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O  Dry  0raphita  >  Wiped  On 
7  Graphite  in  Water  •  grayed  On 
*  Graphite  in  Alcohol  •  Sprayed  On 
X  Graphite  in  Trichloroethylene  •  Sprayed  On 


Length- To -Diameter  Ratio 


Figure  5.  4  Comparlaon  of  Fotce  to  Eject  Compacted  Talc  from  a 
h-Inch  Diameter  Aluminum  Cylinder  for  Varioua 
Method#  of  Applying  Graphite  for  Lubrication 
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The  percentage  of  reduction  in  force  wae  more  for  the  large  length-to-diameter 
ratloe  than  for  the  email.  The  daU  for  the  graphite -lubricated  cylinder  ahowed 
leaa  scatter  than  that  for  the  plain  aluminum  cylinder.  This  could  be  interpreted 
aa  a  further  Indication  that  frictional  effects  are  alleviated  by  the  use  of  gr^hite. 

As  vras  pointed  out  in  the  diecuasion  on  proceduree,  the  gr^hite  powder  wae 
applied  dry  with  a  chamoie  akin  for  most  of  the  trials.  Thie  was  the  method  of 
application  employed  for  the  daU  presented  in  Figures  5.  2  and  5.  3  A  few  trials 
were  made  in  which  the  graphite  was  suspended  in  a  liquid  and  then  sprayed  onto 
the  surface.  The  liquid  wae  then  aUowad  to  evaporate  before  filling  the  cylinder 
with  powder  (Mletron  Vapor  talc  wae  used).  Water,  alcohol,  and  trichloroethylene 
were  tried  as  vehicles.  We  found  that  adl  three  systems  deposited  graphite  eatie- 
factorily  on  the  cylinder's  wall.  DaU  from  the  trials  using  the  spray  technique 
are  presented  in  Figure  5. 4  -with  comparable  daU  for  dry  triala  with  talc,  AH  of 
the  daU  points  for  the  sprayed  graphite  trials  were  found  to  be  slightly  below  the 
curve  for  the  trials  where  the  graphite  was  applied  dry.  The  results  obUined 
when  trlchloroeihylene  was  used  are  especially  encouraging  and  suggest  that  a 

technique  for  applying  graphite  may  be  discovered  that  will  result  in  even  lower 
side -wall  friction. 

In  view  of  the  encouraging  results  obUined  with  the  6-jnch  diameter  cylinder, 
we  decided  to  eiqieriment  with  the  loader  used  for  filling  the  £-41  spray  tank 
with  compacted  powder.  This  loader  is  described  in  the  Ninth  Quarterly  Progreaa 
Report.  The  loading  tube  ie  16-3/16  inches  in  diameter  and  36-5/8  inches 
long.  It  conUins  sufficient  material  to  flU  one  end  of  the  £-41  spray  tank  in  a 
single  loading  operation. 

The  loading  tube  is  made  of  aluminum  that  has  been  hard-coat  anodised  and 
then  coated  with  a  dry-film  lubricant.  Experience  has  shown  that  an  air  pressure 
of  from  30  to  35  peig  behind  the  piston  is  required  to  force  the  compacted  powder 
out  of  thie  tube. 

In  preparation  for  the  experiment  with  graphite  lubrication,  the  tube  wae 
cleaned  of  powder  from  previous  loading  operations  by  a  light  rubbing  with 
steel  wool.  Then  the  graphite  was  wiped  on  with  a  chamois  skin,  and  Mietron 
vapor  talc  wae  packed  into  the  tube  to  an  average  density  of  0.  63  g/cm^. 
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The  loading  tube  wae  then  poeitioned  horiaontaUy,  and  the  talc  vraa  puafaed 
out  and  allowed  to  fall  into  a  baTrel.  A  preeaure  of  12  paig  wae  aufficient  to 
force  the  talc  out  of  the  tuba.  TWa  partictdar  eajperiment  haa  not  been  repeated, 
but  graphite  lubrication  waa  uaed  aubaequently  in  fUling  the  E-41  spray  tank  with 
talc  prior  to  shipment  to  Eglin  Air  Force  Baap.  During  this  operation  a  presaure 
of  20  psig  was  observed  on  three  occasions.  Both  the  12  psig  and  20  paig  prea- 
aurea  are  substantial  improvements  over  the  30  to  35  paig  previously  required. 

5.  3  Conclualons 


Although  only  a  limited  amount  of  data  has  been  obtained  on  the  use  of 
graphite  to  reduce  side-wall  forces  associated  with  moving  a  charge  of  com¬ 
pacted  powder  in  a  cylinder,  the  results  are  significant  enough  to  warrant 
reporting  them  at  thia  time.  The  teats  with  the  6-inch  cylinders  showed  a 
reduction  In  force  of  approximately  50  percent  when  graphite  is  used  to  lubri¬ 
cate  the  cyllader'e  waU,  One  test  with  the  16.  S-lnch  cylinder  showed  a 
60.percent  reduction  in  the  force  (from  30  to  12  psi)  required  to  push  a  charge 
of  compacted  talc  out  of  this  cylinder.  Subsequent  experience  in  loading  for 
the  Eglin  tests  indicates  that  a  reduction  of  approximately  35  percent  may  be 
more  reasonably  expected. 

As  a  consequence  of  the  good  results  obtained  thus  far  with  graphite, 
further  work  in  this  area  ia  planned.  More  teats  with  6 -inch  cylinders  will 
be  conducted.  One  area  of  special  interest  is  the  influence  of  initial  surface 
roughness  on  frictional  forces  whan  graphite  is  used  as  a  lubricant.  Full- 
scale  testa  with  the  ejqierimsntai  disseminator  are  also  planned. 
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6.  DISSEMINATION  AND  DEAGGLOMERATION  STUDIES 


6. 1  General  Approach 

During  this  psrlod.  studies  were  continued  on  the  deagglomeratioa  of  dry, 
finely  divided  Sm  simulant.  Wind-tunnel  tests  were  conducted  to  investigate 
two  factors:  disseminatioa  at  low  night  speeds,  and  dissemination  of  material 
stored  in  the  compacted  state. 

6-2  Dissemination  at  Low  flight  Speeds 

Prior  to  this  time,  we  have  been  concerned  with  the  feasibility  of  deagglomerat- 
ing  finely  divided  Sm  at  flight  speeds  of  Mach  number  0.  5  to  0.  8  (330  to  528  knots). 
Results  from  wind-tunnel  tests  showed  that  the  material  could  be  mechanically 
disaggregated  and  disseminated  with  high  physical  efficiency  at  these  speeds. 

Our  study  has  now  been  extended  to  cover  night  speeds  below  Mach  number  0.  5. 

We  have  determined  the  minimum  speed  for  efficient  dissemination  of  uncompacted 
material,  and  have  conducted  a  thorough  investigation  at  Mach  number  0.  3. 

During  these  tests,  we  employed  the  same  aero  sol -sampling  techniques 
described  In  an  earlier  report.  Full-Dow  Impactor  tests  provided  a 
qualitative  measure  of  the  presence  of  very  large  agglomerates  {100  to  500 
microns  in  diameter)  in  the  aeroeol,  whereas  collection  of  fine  highly  deagglom- 
erated  material  on  membrane  filtera  provided  quantitative  dau  from  which  the 
limiting  bulk-density  condition  could  be  determined.  For  this  purpose,  the 
high-velocity  eampllng  probe  wae  located  0.  5  inch  from  the  bottom  tunnel  waU. 

The  ^  used  in  this  study  was  taken  from  lot  Si  -Stn-342.  the  same  lot 
used  in  our  previous  tests.  The  moisture  content  of  this  simulant  has  in¬ 
creased  to  2.  6  percent  from  a  value  of  1 . 7  percent  which  it  had  during 
many  of  oup  earlier  teats.  This  change  does  not,  however,  appear  to  be 
affecting  the  deagglomeration  efficiency. 
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The  reaxilte  of  theee  taete  at  Mach  number  0.  3  are  shown  in  Figure  6. 1. 

The  measurements  indicate  that  the  concentration  of  flne,  deaggloraerate4 
aerosol  is  essentially  independent  of  bulk  density  in  the  range  0.  33  to  0.  52  g/c^  . 
Above  this  range,  however,  the  quantity  of  material  in  the  fine  aerosol  cloud 
decreases.  Conversely,  the  impactor  results  Indicate  that  as  the  bulk  density 
exceeds  0.  52  g/cm^  an  increasing  percentage  of  the  aerosol  is  comprised  of 
large  agglomerates  that  do  not  readily  break  v^.  This  value,  therefore, ^repre¬ 
sents  the  limiting  condition  for  a  flight  speed  of  Mach  number  0.  3, 

With  the  tincompacted  material,  we  found  that  very  good  break-up  can  be 
obtained  at  a  flight  speed  of  Mach  number  0,  25.  Ae  the  air  velocity  waa  de¬ 
creased  below  this  value,  the  large  agglomerates  became  increasingly  prom - 
inant. 

6.  3  Efficient  Deagglomeration  with  the  E-41  Aircraft  Ptsseminator 

Reeulte  that  have  been  obtained  with  the  wind-tunnel  apparatus  are  com¬ 
bined  in  this  section  to  define  more  clearly  the  relationship  between  flight  speed 
and  compactive  density  for  a  disseminator  of  the  E-41  type.  The  maximum  bulk 
density  that  can  be  deaggiome rated  efficiently  wae  determined  from  concentration 
curves  such  ss  that  shown  in  Figure  6. 1.  Thoee  for  Mach  number  0.  5  and  0.  8  ware 
discuaeed  in  Reference  2  .  For  this  purpoae,  we  determined  the  "break  point" 
for  each  curve;  break  point  ie  defined  as  the  bulk  density  at  which  the  fine  aero¬ 
sol  concentration  decreases  to  95  percent  of  ite  maximum,  value  for  a  particular 
seriee  of  tests.  Figure  6.  2  and  Table  b.  1  show  the  breakpoints  far  runs  at 
Mach  numbers  of  0.  3,  0.  5,  and  0.  8.  At  the  break  point,  deagglomeration 
efficiency  ie  approximately  90  percant--that  is,  90  percent  of  the  particles 
that  originally  had  diaimeters  in  the  1-  to  5-micron  range  are  dispersed  In  the 
same  size  range  by  the  dieserainator.  Microscopic  analyse*  of  filter  samples 
and  full -flow  impactor  collections  have  been  used  to  determine  this  value  of 
efficiency. 
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Figure  6.  1  Concentration  of  Pin«  Sm  Aeroeol  Cloud  in  Wind  Tunnel 
ai  a  Function  of  Bulk  Deneity  (Airatream  Mach  Number 
0.  3i  Sampling  Probe  Poaitioned  0.  5  Inch  from  Wall) 
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Figure  6.  2  Concentration  of  Fine  Sm  Aerosol  Cloud  in  Wind  Tunnel 
as  a  Function  of  Bulk  density  and  Airstream  Mach 
Ntimbcr  (Sampling  Probe  Positioned  0.  5  Inch  from  Wall) 
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Tabla  6,  1  Break  Points  for  Dleeemisatloa  Testa  with  Compacted  Sfen 
at  Wind  Tunnel  Mach  Numbers  of  0.  3,  0.  5,  and  0.  8 

Mach  Number  Bulk  Density  (g/cm^l 

0.  30  0,  52 

0. so  0.  58 

0.80  0.59 

In  Figure  6.  3  the  break  points  are  plotted  against  dissemination  flight 
speed.  Also,  the  minimum  flight  speed  is  shown  for  uncompacted  Sm.  This 
curve  defines  the  operational  region  in  which  the  11-41  is  expected  to  be  very 
effective  in  deagglomerating  compacted  materials.  In  the  bulk  density  range 
0.  3  to  0.  5  g/cm  ,  the  curve  is  quite  flat  because  the  energy  of  compaction  is 
low  (see  Figure  6.  4).  In  mechanically  disaggregating  the  compacted  slug  prior 
to  dissemination,  the  material  is  essentially  returned  to  its  original  condition. 
Consequently,  dry  Sm  compacted  to  0.  5  g/cm^  is  as  easy  to  deagglomerate  as 
the  uncompaeted  material.  As  denaity  increases  above  0.  5  g/cin,  the  binding 
energy  of  the  particles  increases  very  rapidly,  as  shown  in' Figure  6.4.  In  this 
range  the  mechanical  dlsaggregator  produces  material  which  consists  of  an 
increasing  percentage  of  large,  strong  agglomerates  with  diameters  in  the 
100  to  1000  micron  size  range.  These  are  quite  difficult  to  deagglomerate 
with  fluid  energy,  and  the  flight  speed  requirement  therefore  increases  very 
rapidly  above  a  density  of  0.  55  g/cm^.  For  this  material,  the  maximum  density 
that  can  be  disseminated  with  high  efficiency  is  0.  59  g/cm^  at  high  subsonic  flight 
speeds. 

It  it  apparent  that  the  curve  shown  In  Figure  6.  3  will  shift  somewhat  for 
each  agent.  Different  lots  of  Sm  have  been  shown  to  be  either  more  or  less 
difficult  to  disseminate  in  the  compacted  state,  depending  greatly  on  the  com¬ 
paction  energy -density  relationehip  shown  in  Figure  6.4.  We  therefore  believe 
that  meaeurement  of  this  parameter  will  be  one  method  used  to  predict  the 
flight-speed  requiremente  for  various  agents.  Both  the  shape  of  the  resulting 
curves  and  their  absolute  values  indicate  the  binding  energy  of  compacted 
materials  which  must  be  overcome  durins  the  dissemination  orocess. 
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Figure  6.  3  Flight  %aad  Required  for  Dieeemination  of  Dry, 
Compacted  3m  Simulant  (Lot  Sl-Sm-34Z)  at 
Appruximaieiy  yyj  r’erccnt  DeaKHiomeration 

Efficiency 


6-6 


Page  detennined  to  be  Unclauified 
Reviewed  Chief,  RDD,  WHS 
lAW  EO  13826,  Sectioa3.5 

Uat.:  APR  n  20U 


Flight  Speed  -  Knote 


Bulk  Density  (g/cm  ) 


Figure  6.  4  Energy  Required  to  Compect  ^  (Lot  SI  •5in*342) 
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6. 4  Dltaemination  of  Stored  3m  in  the  Compacted  Condition 


At  an  earlier  date,  dlaecmination  teete  were  conducted  on  fat  elmolant 
that  had  been  stored  in  the  compacted  condition  at  -18  C  for  10  week*.  The 
reeulta  indicated  that  this  material  wae  somewhat  more  difficult  to  deagglomer¬ 
ate  than  elmilar  material,  which  had  not  been  stared.  Since  etoreage  is  an 
Important  factor,  a  larger  teat  program  was  planned  and  initiated  during  this 
period.  The  program  is  divided  into  two  parts --namely,  wind-tunnel  deagglom- 
eration  teats,  and  viability  teete. 

6.  4.  1  Wind-Tunnel  Deagelomeration  Teete 

The  dieeeminatlon  and  deagglom oration  teat  constitutes  2x3x6  factorial 
with  dtqilicate  runt  for  each  treatment.  The  variables  investigated  include 

Storage  Temperature 

-2  C 
-23  C 

Storage  Bulk  Oeneity 

0.  33  g/cm?,  uncompacted 
0.  57  g/ cm« 

0.  6l  g/cm^ 

Storage  Period 

0. 04  day 
1  day 
7  daye 
30  daye 
91  days 
182  daye 

We  are  using  our  standard  methods  for  generating  and  assessing  aerosols. 

They  Include  the  GMl-3  dieeeminatlon  fixture,  and  the  isokinetic  sampling 
probe  and  full-flow  impactor-collectton  systems. 
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For  this  seriei  of  t««t«  ^  Iom  61  -26  »nd  61  -28  are  being  need.  The 
material  has  a  MMD  of  9.  5  microns.  In  preparing  the  samples,  ^ia  com¬ 
pacted  into  storage  cylinders  of  0.  75  inch  diameter  in  a  dry.  controUed 
atmosphere.  The  containers  are  sealed  secnraly  during  the  storage  period. 

At  the  present  time  tests  have  been  conducted  for  aU  time  periods  through 
30  days.  The  results  Indicate  that  there  is  no  significantly  detrimental  elfect 
of  storage  on  deagglomeration  efficiency.  Material  that  can  be  deagglomerated 
immediately  after  being  compacted  also  can  be  effectively  deagglomerated 
after  storage  at  -2  C  or  -23  C. 

6.4.2  Storage  Viability  Teste 

The  samples  prepared  for  the  above  teste  are  also  used  in  a  study  of  the 
effect  of  storage  on  viability.  The  same  variables  are  investigated,  but  the 
test  has  an  additional  seven  time  periods  and  therefore  consists  of  a  2  x  3  x  13 
factorial.  The  time  variable  includes 

Storage  Periods 

0. 04  day  JO  days 

I  61  day. 

3  days  9J  days 

5  «l»ys  122  days 

7  days  152  days 

14  days  182  days 

21  days 

Samples  of  these  tests  are  taken  after  the  .lug.  have  been  mechanically  die- 
Our  standard  method  of  biological  assay  is  used,  and  a  Waring 
blender  is  employed  to  break-up  the  compacted  clusters  of  material.  Each 
analyale  has  an  uncompacted  control,  which  ia  stored  at  -23  C. 

As  in  the  former  case,  the  results  to  date  do  not  Indicate  a  significant 
decrease  in  viability  after  storage  periods  of  30  days.  Detailed  results  of 
this  program  will  be  presented  In  the  next  progress  report. 
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7.  E.41  SPRAY  TANK 


During  the  quarterly  report  period,  work  related  to  the  E-41  Spray  Tank 
coadauad  in  the  Development  Engineering  Department.  Coneiderable  progreea 
waa  made  in  the  fabrication  of  the  eecond  unit.  Minor  deeign  change#  are  being 
incorporated  in  this  second  unit  ae  well  as  in  the  firet  air>barna  E-41.  Some  of 
these  modiflcadons  will  make  it  possible  to  fill  the  unit  with  loose  powder  by 
inserting  a  filling  tube  through  the  end  plate  and  piston.  The  arrangement  of 
components  within  the  discharge  shroud  has  been  modified  to  provide  improved 
decontamination  features.  Plana  were  initiated  for  flight  tests  of  the  E-41 
^ray  Tank  at  EgUn  Air  force  Base  on  the  F-lOO  and  F-105  airplanes. 

7. 1  Fabrication  of  the  Second  £-41  Spray  Tank 

A  second  E-41  Spray  Tank  is  being  fabricated  for  use  in  future  flight-test 
programs.  In  view  of  the  high  degree  of  eucceee  experienced  with  the  firet  air¬ 
borne  E-41,  there  will  be  no  major  design  changes  in  the  second  unit.  The 
minor  modifications  which  are  being  incorporated  in  the  second  unit  are  of 
such  a  nature  that  they  will  also  be  made  on  the  first  unit.  Thus,  both  £-41 
%iray  Tanks  will  be  similar.  Completion  of  the  second  unit  is  scheduled  for 
June. 


2  Improved  Arrangement  of  Components  within  Discharge  Shroud 

The  shroud  surrounding  the  discharge  tube  on  the  bottom  of  the  E-41 
Spray  Tank  serves  as  an  enclosure  for  components  sssociated  with  the  dis¬ 
charge  valve's  operation.  The  shroud  also  streamlines  the  discharge  tube 
and  separates  the  aerosol  stream  from  the  spray  tank  The  initial  design 
for  thin  area  was  somewhat  deficient  in  that  it  was  difficult  to  decontaminate. 
Thle  area  has  been  redesigned,  and  the  improved  features  are  being  mcor- 
porated  in  both  E-41  Spray  Tanks. 
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fa  the  reviled  deeign,  aU  the  electrical  componenta  euch  ae  the  motor  and 
Umlt  ewitehee  are  encloeed  by  a  eealed  cover  or  hou.ing  aa  ahown  fa  Figure  7. 1. 
All  of  the  wiring  leading  from  the  dieeominator  proper  to  theae  componenta  ia 
contained  in  a  afagle  eealed  cable  aeeemhly.  The  connector  ia  mounted  in  the 
cover.  The  aquib  wirea  and  the  arming  wire  are  connected  by  meane  of  terminal 
•tripe  mounted  extemaUy  on  the  cover.  Since  the  aealing  aaaembly  (which  ia 
miaalng  fa  Figure  7. 1)  on  the  dtecharge  tube  conUina  the  equiba  and  arming 
wire  and  muat  be  replaced  after  each  mieaion.  theae  wirea  can  be  diaconnected 
at  the  terminal  atripe  during  the  decontamination  procedure. 

^  Itemoval  of  Heater  and  Low»Preaaure  Switch 

Experience  with  the  £-41  Spray  Tank  haa  ahown  that  the  unit  can  be 
operated  eadefactorily  without  the  heating  jacket  on  the  higb-preaaure  nitrogen 
tank.  The  heating  jacket  haa  been  operating  aatiafactorily  to  date,  but  teata 
have  ahown  that  the  tank  haa  adequate  capacity  to  aupply  a  aufficient  volume 
of  nitrogen  without  heating.  The  heating  jacket  will  therefore  no  longer  be 
uaed  on  the  nitrogen  tank. 

The  Eleventh  Quarterly  progresa  report  conuina  a  diacuaaion  of  the 
performance  of  the  low-preeeure  awltch  during  the  flight  triale  at  Dugway  ' 
Proving  Ground  laet  January.  An  analyaie  of  the  spray  tank's  performance, 
taking  into  consideration  the  airplane's  flight -altitude  changes  during  the 
trial*,  led  to  the  conclusion  that  the  switch  was  operating  untimely  to  cause 
a  abort  delay  fa  the  .tort  of  dissemination,  fa  aa  much  aa  the  jamming  con¬ 
dition  which  this  awltch  was  intended  to  protect  against  has  never  occurred, 
a  decision  wa*  made  to  eliminate  the  awltch.  The  mounting  holes  for  t.he 
switch  in  the  end  plate  will  be  sealed  with  plugs. 


Addition  of  Filling  Holes  in  Pistons  and  End  Plates 


Because  the  £-41  Spray  Tank  is  capable  of  disseminating  dry  agent  material 
from  the  loose  bulk  state  as  well  a.  the  compacted  state,  there  is  justification 
for  incorporating  fiUfag  holes  in  pistons"  and  end  places  for  loading  loose 
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Figure  7. 


powder.  FiUing  holea  have  been  added  to  the  end  platee  of  both  £-41  ^ray 
Tanka,  Correepondlng  hole,  have  been  made  in  the  pi.ton.  of  the  unit,  ao 
that  a  filling  taho  can  be  in.erted  into  tne  tank., 

The  hole.  In  the  pi.ton.  arc  three  mche.  in  diameter,  and  the  hole,  in 
the  end  plate,  are  3.  25  Inche,  .o  that  the  plug  for  the  pi.ton.  can  be  removed 

through  the  hole,  in  the  end  plate..  The  clo.ure.  in  the  end  plate,  are  .ealed 
with  two  O-ring.. 

®  Flight  Te»t.  at  Eglin  Air  Force  Ba.e 

In  May  1963  OeUchment  4,  ASD.  Weapon.  Laboratory  lASQWCJ  Eglin  Air 
Force  Ba.e  reque.ted  that  the  E-41  Spray  Tank  be  made  available  to  them  for 
flight  te.t.  on  the  F-IOOD  and  the  F-IOS  airplane.,  It  wa.  .ub.equently 
decided  by  Fort  Detrick  that  an  E-41  would  be  .htpped  from  General  Mill., 

Inc,  to  Eglin  Air  Force  Base  for  thi.  purpose.  The  tests  are  .chediiled  to 
begin  during  the  latter  part  of  June, 

These  flight  trial,  are  intended  to  demonstrate  the  compatibility  of  the 
.pray  tank  with  the  F-IOOD  and  the  F-105.  and  procedure,  for  a..aying 
ground  coverage  resulting  from  dissemination  of  simulant,  are  not  included 

in  the  plan..  The  unit  wiU  be  loaded  with  talc,  which  will  be  disseminated 
during  the  trial. , 
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SPRAr  TANK  ON 

THE  MOHAWK  AIRCRAFT 


On  11  March  1963  Mr.  Gordon  R.  Whitnah  of  General  Mills,  Inc.  visited 
Lt.  Col.  Vincent  Ulery,  Army  liaison  Officer  at  the  Navy  Bureau  of  Weapons, 
and  Mr.  R.  Groundwater  at  the  Mohawk  Project  Office  >n  Building  T-7  to  dis¬ 
cuss  plans  for  flying  the  E-4I  Spray  Tank  on  the  AO- 1  Mohawk  airplane.  On 
28  March  1963  engineers  from  General  Mills,  Inc.  met  with  Mr.  John  Coursen. 
Mohawk  Project  Engineer,  and  with  several  other  Grumman  personnel  at  the 
Grumman  Aircraft  Company.  Belhpage,  Long  Island.  During  this  visit  General 
Mills,  Inc.  obtained  engineering  data  pertaining  to  the  installation  of  the  E-41  on 
the  Mohawk. 

The  weight  and  size  of  the  E.41  present  no  apparent  problems,  but  it  will  be 
necessary  to  carry  two  units  or  one  £-41  and  one  150-gallon  fuel  tank  to  obuin 
symmetrical  loading.  This  decreases  the  maximum  obtainable  speed  but  Is 
necessary  for  flight  stability.  The  maximum  dissemination  velocity  will  be 
In  the  200  to  240  knot  range.  Wind-tunnel  experiments  reported  in  Section  6 
of  this  report  indicate  that  BW  agents  ran  be  successfully  disseminated  and 
aerosolized  at  thir  air  speed. 

The  spray  tank  will  be  mounted  on  the  Aero  65  A  pylon  at  wing  sution  185. 

If  only  one  unit  is  flown,  it  appears  that  the  left-hand  pylon-  (as  viewed  from  the 
front)  is  the  preferable  location  because  of  the  tendency  of -the  propwash  to  move 
from  right  to  left. 

A  cruciform  tail  is  used  on  the  150-gallon  fuel  Unks  flown  on  the  AO-t 
Mohawk.  The  major  reason  for  this  is  to  stabilize  the  store  when  it  is  released 
from  the  pylon  upon  jettisoning.  Because  the  empty  weight  of  the  £-41  is 
significantly  greater  than  the  empty  weight  of  the  fuel  tank,  it  should  not  be 
necessary  to  use  the  cruciform  tail  However,  since  the  cruciform  Uil  is 
the  accepted  design  and  there  is  no  strong  objection  to  using  it  on  the  E-41, 
a  decision  was  made  to  provide  an  interchangeable  aft  section  with  cruciform 
UU  for  the  E-41  ^ray  Tank  when  flown  on  the  Mohawk  airplane.  Details  of 
this  four-finned  fail  section  are  shown  in  GMI  drawing  SK  29100-1305  in 
Appendix  B. 


8-1 

4amiDPtTmi 


declassified  IN  rua 

Authwfty;  E0 13526 

Chief.  Records  &  Dedass  Dhr  VUMS 

Date:  " 

1  5  m  2013 


^•tallation  of  the  £-41  on  any  particular  Mohawk  aircraft  will  require 
>‘*^riag  of  the  wing,  pylon,  and  control  box.  Since  a  free-fall  jetticon  ayetem 
U  employed,  a  pig  tail  with  quick-release  connector  is  needed  for  the  spray 
tank  to  insure  positive  separation  from  the  pylon  wiring.  There  is  ample  room 
for  the  £-41  control  panel  in  the  airplane's  cockpit.  Grumman  expressed  a 
wllllngaess  to  perform  the  wiring  modifications  on  the  test  airplane  provided 
they  are  paid  for  their  services. 

Further  progress  on  the  Mohawk  flight-test  program  is  dependent  upon  the 
eetabliihment  of  dates  far  the  flighte  by  the  Mohawk  Project  Officer  in  Waah- 
ington,  O.  C. 
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9.  SUMMARY  AND  CONCLUSIONS 

The  improved  moltipurpoee  teet  unit  ie  now  being  ueed  to  meeeure 
•heAr  strength,  tensile  strength,  end  bulk  density  within  the  confines  of 
•  single  isolator  lab.  The  fact  that  reproducible  results  are  being  ob¬ 
tained  with  this  unit  is  indicated  by  the  data  presented  for  several 
powders.  "Rulon"  slip  agent  and  graphite  have  been  tried  on  the  mold 
used  to  form  the  "necked-down"  speciments  for  the  triaxial  tensile  test. 
Three  supposedly  identical  Sm  samples  have  been  found  to  exhibit  dis¬ 
tinctly  different  compaction  characteristics.  Tests  for  particle  else 
distribution,  particle  density,  and  moisture  content  are  being  conducted 
in  an  effort  to  explain  the  diifarencee  in  the  behavior  of  these  Sm 
samples.  Whitby  particle-eisa  determinations  have  shown  that  a  change 
in  sise  distribution  toward  a  smaller  MMD  occurred  when  saccharin  was 
compacted  to  a  compressive  stress  of  2,84  x  10^  dynes /cm  .  It  has  been 
found  that  the  addition  of  0.  25  to  S.  0  percent  Cab-o-Sil  to  powders  causes 
a  significant  increase  in  the  compaction  stress  required  to  produce  a 
given  bulk  density. 

Experiments  were  performed  to  determine  the  time  required  for  the 
fluid  bed  to  equilibrate.  Even  though  extensive  agglomeration  occurs, 
particle-aize  analyses  performed  on  samples  taken  from  different  levels 
of  the  bed  shewed  no  evidence  of  segregation  or  attrition  during  the  75- 
minute  runs.  There  was  no  lose  of  powder  by  carry-over  at  a  fluid 
velocity  of  4  cm/ sec;  but  2.  8  percent  was  lest  at  B  cm/ sec,  and  5.  b 
percent  lost  at  12  cm/aec  (Section  Z). 

The  BET  gas -adsorption  method  was  used  to  measure  the  total 
surface  area  of  saccharin  for  comparison  with  similar  data  obtained  for 
talc  during  the  previous  quarter.  For  saccharin,  ths  BET  specific  surface 
area  is  1.  53  m^/g  *7  percent,  which  is  significantly  less  than  the  value 
of  15.  9  m^/g  determined  for  Mlstron  Vapor  talc.  The  increased  surface 
area  iTor  talc  Is  attributed  to  its  porosity.  The  rugosity,  defined  as 


9-: 


DECLASSIFIED  IN  PULL 

Au»TOr«y:E0 13526 

Chief,  Reeofds  &  Declass  DIv,  VWS 

ft  5  APR  20)3 


f 


1  t . 


:  I 


BET  Surface  Ar«a 


Surface  Are*  from  UUD  (Whitby) 

l^.  2  for  eaccliarin.  Mlcrographe  that  have  been  ueed  to  obtain  parttclo- 

nlrr  S^TcTr  T  «-hann.  eg,  albumin,  powdered 

eacchaT'  ^  I  ^  cornetarch.  Whitby  el.e  *.«ly.e.  made  on 

*«charin  and  powdered  eugar  before  and  after  their  being  di.per.ed  by  the 

.^rl  dtepereer  for  ue.  In  the  aero.oi  ch««ber  have  ehown  that  grinding 
doe*  not  occur  in  the  dieperaer  (Section  3).  * 

**'  ^  atmoepheric  charge 

in  the d”'  “•*”«  Ion  concentration 

ch«nber  i,  varied  through  introduction  of  poeldv.  ion.  by  mean,  of 

117“*^*'^**  *•“•«*<>'•  The  Injection  of  po.ltlv.  ion.  reduce. 

TrL^Z  7  i»‘-oductlon 

poeittve  ion.  eimultaneouely  with  the  introductton  of  the  powder  Increa.e. 
..ro.ol  ^  ^JZ 

creaeee  longevity  (Section  4). 

granwrir^*!."*'*  of  powdered 

graphite  in  reducing  elde-wall  friction  of  compacted  powder,  eliding  i„ 

cy  «  Oat*  reported wereobtalned  with  three  .1...  of  cylinder.  -  6, 

7.  5.  and  16.  187  I„che.  intemel  diameter.  Graphite  wa.  applied  dry  and 

..  a  .u.penrton  In  water,  alcohol,  eni  trichloroethylene.  The  latter 

•hewed  a  .mall  improvement  over  the  other..  The  force  required  to  eject 

comi^cted  talc  and  powdered  .ugar  from  a  graphite-lubricated  cylinder 

wae  found  to  be  elgnlilcantly  below  that  for  a  plain  aluminum  cylinder. 

^though  the  r..ult.  varied  a.  the  length-to- diameter  ratio  and  the  com* 

^cttve  pre.eur.  were  changed,  a  reduction  of  50  percent  l.  repr.e.nutlv. 

of  the  decreaee  In  ejection  force  obeerved  during  the  teef.  Further  te.t. 

•re  planned.  An  area  of  partfcular  iatereet  i.  the  effect  of  eurf.ce  rough- 

ne.e  on  .id-wall  friction  wh.n  graphlt.  i,  u..d  a.  a  lubricant  (Section  5) 
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Diia«ntination  and  dnafflomaration  atudiaa  witb  dry  Sm  uaing  tha 
blow'dowtt  wind  tunnel  have  been  conducted  to  extend  tbe  range  of  inveati- 
gated  air  velocitiea  down  to  Mach  number  0-  25,  Teata  run  at  varioua 
bulk  denaltlea  have  ahown  that  the  concentration  of  finei  deagglome rated 
aeroaol  ta  eaaentlal  Independent  of  bulk  denalty  in  the  range  from  0. 33  to 
0.  52  g/cm  .  Conaequently,  0.  52  g/cm^  ia  the  limiting  bulk  denaity  for 
Sm  for  a  apeed  of  Mach  number  0. 3/  Vind-tunnel  deagglomeration  teata 
and  viability  teata  on  Sm  atored  in  the  compacted  atate  have  thua  far 
demonatrated  that  atorage  at  -2  C  or  •■23  C  for  perioda  up  to  30  daye  haa 
no  aignificant  detrimental  etiect  on  either  deagglomeration  efficiency  or 
viability  (Section  6). 

Fabrication  of  the  aecond  E-41  apray  tank  progreaaed  aigniflcantly 
during  the  quarter.  Minor  deaign  changea  being  Incorporated  In  the 
E-41  tank  include  1)  Improved  eeaUng  of  componenta  In  the  diacharge 
tuba  region;  2)  removal  of  the  heating  jacket  from  the  nitrogen  tank; 

3)  removal  of  the  lowpreeeur#  ewitebee  from  the  gaa  aupply  ayatem; 
and  4>  tha  addition  of  filling  holes  in  the  piatona  and  end  platee  to  facili¬ 
tate  loading  looae  powder.  Plana  ware  initiated  to  conduct  flight  teata 
at  Eglln  Air  Force  Baee  in  which  the  E-41  will  be  flown  on  the  F-IOOD 
and  F-105  airplanes  to  demonetrata  its  airworthiness  and  compatibility 
(Section  7). 


Personnel  from  General  MlUe,  Inc.  met  with  engineers  at  the 
Grumman  Aircraft  Company  (Bathpaga,  Long  Island)  to  discuss  the 
probleme  of  flying  the  E-41  spray  tank  on  the  AO-1  Mohawk  airplane. 
Engiheerlng  and  performance  data  were  obtained.  When  the  £-41  is 
flown  on  the  Mohawk,  it  will  be  necessary  to  carry  a  apray  tank  (or  a 
1 50-gallon  fual  tan^  on  sack  wing  to  maintain  balanced  loading.  Maxi¬ 
mum  flight  speed  will  be  ia  the  200-  to  240-knot  range.  Cruciform  tails 
have  been  ordered  for  tha  E-41  spray  tanks  because  this  fa  tha  accepted 
deaign  for  the  150-gaUoa  fuel  tanka  uesd  on  the  Mohawk,  Minor  aircraft 
rewiring  will  be  necessary  to  accommodate  the  E-41  (Section  8). 
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APPENDIX  A 

LOAD  AND  STRESS  ANALYSIS,  E-41  SPRAT  TANK 
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Th«  following  roport  covara  tha  baalo  loada  and  straaa 
aaalyaia  of  a  apaeial  tanJc  built  for  tha  Xlactronics  Oivi> 
aion  of  Genaxal  Milla  Inc.  zha  daaign  ia  par  thair  apaci« 
fication  GM8«29100-610,  and  ia  oovarad  by  Purchaaa  Qrdar 
K0«84384  datad  6-4«€2. 

Tha  baaic  loada  for  tha  tank  daaign  ara  davalopad  from  tha 
requiremanta  of  Section  #3,5.6  of  JaL-T-7378A,  datad  20 
October  1958  and  from  airload  data  fbralahad  by  General 
Hills  la  thair  latter  to  F.A.C.  datad  July  27,  1962,  Load 
factors  for  the  catapult  takeoff  and  arrested  landing  oon> 
ditions,  as  wall  as  for  tha  flight  eonditiona,  are  taken 
from  Fig.  1  of  the  above  Mil  spec.,  whle*  gives  load  factors 
for  wing~ntounted  stores.  Since  the  load  requirements  ef 
KIL-A-8591B  are  the  sane  as  MZL-T-7378A,  they  ara  also 
met. 

Tha  reactions  on  the  tank  attach  points  ara  calculated  and 
summarisad  on  pages  and  jll.  Resultant  shear  and 
bending  moment  at  critical  stations  along  tha  tank  ara  also 
wlculated.  See  pages  21.  to  2k.  inclusive.  The  foregoing 
data  is  then  studied  and  a  sutmary  of  design  conditions 
critical  for  tha  various  items  of  structure  is  presented 
on  page  AL.  The  choice  of  static  test  conditions  is 
based  on  this  summary. 

Tha  sign  convention  for  both  the  inertia  loads  and  airloads 
and  tha  reactions  to  the  loads  is  as  follows t 

Z  *  Upward  acting 

Y  •  Acting  to  the  left  (looking  fcjnmird} 

X  ■  Rearward  acting 

Fositiva  mootant  vectors  are  in  the 
direction,  using  tha  laft>hand  rule. 

In  the  case  of  tha  shear  and  bending  moments  in  the 
shell,  the  algn  of  both  the  ahaar  and  banding  mcnant  agreea 
with  tha  sign  of  tha  force  on  tha  end  of  the  tank  beyond 
the  cut  aection. 
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Oefl«r«l  Xlllfl  Drawing  «sx  29100>612  "Prallji.  Tank  Aaoy.  Drawing' 

#21-150-48032  “Tank  Aaaaably  -  O.M.l,  8paca.“ 

“  “  1342  “Kona  Section  Aaaen." 

"  3372  “BiilkheaS  -  Pin  Support* 

“  “  4232  “Baaa  -  Pin* 

“  4235  "Angle  -  Pin  Support* 

"  "  4236  “Angle  -  Pin  Support*  Lower* 

*  "  4679  “Pin  Aaeanbly* 

"  “  20179  "Caating  -  Center  Section  support* 

"  “  20181  "Ring  Segment* 

Oouglaa  Aircraft  Drawing  #2550568  -  *inaart* 

"  "  "  4544419-501  "Bye-bolt* 

"  "  *  4552066  “Porglng  Blank* 


General  Mills  Specification  #(M8  29100-610. 

General  Mills  letter  to  p.A.C.  dated  7-11-62. 

General  Mills  letter  to  P.A.C.  dated  7-27-62. 

MIL-T-7378A  -  "External  Pusl  Tanka*. 

MXL-A-8S91B  -  "Airborne  stores  A  Zquipment”. 

MlL-HDBK-S  -  "Strength  of  Metal  Aircraft  BlesMnts"* 
C0-S-766C  -  "Corrosion  Resisting  Steel  Sheet*. 

P.A.C.  Report  #43.284  -  "Loads  A  Stress  Analysis*  General 
Mills  Tank*. 

K.A.c.A.  T.N.  #427  -  "Thin-walled  Cylinders  in  Torsion*. 

"  T.M.  #479  -  “Thin-walled  Cylinders  in  Bending*. 

*  T.N.  #929  -  "Circular  Shell-Supported  Praaes*. 

Lockheed  Aircraft  stress  Msoo  Manual 


BOOKS 

Alcoa  Structural  Handbook,  1958  ed. 

P.R.  Shanley  -  "Basic  Structures*  1944  sd. 
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ppzMiTioa 

A  Area  (In^) 

*  Modulus  of  alastlcity 

r  AUowaPla  strasa  (AXln^) 

f  Actual  strasa  (,'W/in^) 

z  ,  Mofsant  of  laartia  (In^) 

Za  Mass  Aonaat  of  laartla  (olag-ft^J 

K  A  factor;  coafflclant 

I*  A  langth  (ia.) 

1  A  langth  {la.) 

M  Hooaat  (In-lba.) 

M.S«  Margin  of  safaty 

Q  Load  factor 

7  I.oad  (lbs.) 

A  Raactiog  fores;  hock  load;  radius; 

r  Monant  axa;  radltis  (la.) 

8  Shear  load  (lbs.);  sway  l^^aca  load  (lbs.) 

»  Walght  (lbs) 

w  Running  load  (Ibs/ia.) 

X  liongltudlaal  rafaranca  axis,  positive  aft. 

X  iSink  station  at  cantor  of  gravity. 

V  Lateral  rafaranca  axis,  positive  outb'd. 

^  to  left. 

Y  Olstanca  to  center  of  gravity  In  Y  direction. 

Z  Vertical  rafaranca  axis,  positive  upward. 

.  Section  nodulus  (in^) 

Z  Dls^-anea  to  canter  of  gravity  in  Z  direction. 

^  zneranant  of  change,  as  AZ,  change  In  force. 

I  An  angle  (Pag.) 

8  PitdJlng  angular  aeealeratlon  (Rad ./sec. 3} 

^  Yawiag  angular  acceleration  (Rad ./see. 2) 

S  Oaflactlon  (la.) 

wHsr  vasD  as  sobscrzpts 

A  Aft 

b  Banding 

br  Searing 

c  Compsassion 

or  Crippling 

?  Forward 

H  Horlsontal 

^  Left  side 


Page  determined  to  be  Unclassified 
Reviewed  Chief,  HOD,  WHS 
lAW  E0 13526,  Section  3.5 
Date:  _ 

rt5 


FLEteMli  AVIATION  COMPANV 


Pam 


TIM 

LOROS  A  smsss  AMALYSIS 
SOLID  POBL  TASK 
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M  Mass;  aosMDt 

R  Rasul taat;  right  slda 

a  shaar 

t  Tanalon 

u  dtinata 

V  Vareical 

X  X-axis) 

y  Y-axisl>  Saa  sign  eonvantioa,  pags  2. 

a  Z-BXis) 

y  Ylald 
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LOADINQ  ASSUmiONS 

,  20  Oetofaw  1958  and  from  olrioodi  fumldiod  by  Gonml  Mllli': 

ills:  “  Di-  K»*  *. 

•/ 

4 

6)  Each  •yo-botf  diowld  bo  copoblo  of  eanylno  60%  of  dto  total  diog  load. 

(4)  Rolling  awmMtt  CM^)  will  bo  corrlod  by  o  ooupio  bofwoon  Hto  hook  and  May 
broco.  mb  foreo  In  tho  cot^do  acting  at  tho  Mmo  24®  from  tho  vartleal  « 
notod  obovo.  Eoeh  eooplo  moy  bo  equal  to  100%  of  tho  total  rolling  mommit. 

CS)  Pirelli^  mofflonti  oro  roelitod  by  0  eovplo  botwoon  on  oyoHaolt  and  iho  for 
pair  of  sway  broeo*. 

li'Il'!!#  r”^*"**  *5*  ^  ^  '“»•«*  cotnpononto  of 

vortleol  oompononli 

Of*  roilslod  by  vorHeol  leodi  on  ifto  odfaeont  oyo*faolti* 

CP)  Tho  OMlyils  will  l9wro  pro*Ieadi  In  (hoattoeh  fittings  duo  to  toiqulna  th  0 
•w^  broeos,  bocouM  oxporlonco  has  shown  that  those  pro-ieodb  dlsoppoor 
boforo  ulHtnoto  toot  lootk  oro  rsaehod. 

load  oompenonli  Is  llnoor  (bs'ow  tho  yield  strsii  of 
oil  offMtsd  ports)  and  tho  rsacHons  to  them  may  thoroSro  bo  suporlmiosod 
on  each  other. 
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/<~7-if  c^n,f^„sra.s^  a  is  paaii/,  Hr  »//  H^r 

rt^uce<4  in  ^ 

profparii^p,  Me  sM/ic  6- 

M  ^one  in  iwo  sieps. 

re^ciions  in  Me  Laks 
Jwoy  i>r^c»s  sinnufMn<To.,c/y  uniif  one 
hook  or  one  s^y  hrocH  re<,c-iion  he<or^^s 
•ro.  f  ane  rnoer/Zon  is  c^iready  zero  Mis 

/Ai  Acakj  s^„y  ir,„.  ^bout  fMt 

nrf<n./7ce  »xc,,  ths  rth-f.-,,r:,b  ip^ 
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Moen.  CT/s/fgf^ 

f 

AMMvee 

‘ 

. 

HI. ICO 

WeeoT  No. 
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.^/icr/a^s  ^  £o^t 

are  i-ri*e  when  Me  neaeMone  fra*y%  heM 
or  "fronn  ojf  ■four  s^ay  hrttees'  are  cAan^e^ 
Simaf-fancousiy , 

/^ar  Aoak  Carre  spa  ntJ/n  ^ 

swey  brace  a/i  •  .  ^ooq\  »  cs'd  ^ 

Art^  confers e/y^ 

For  a  S\^y  brace  aR  * '^<9  ,  /At  corrc’Sfiarttt - 
hook.  •  ai.M«7n  •  i.t^yc'  * 

The  above  Afi  a*^jU£/rite nis  are  shown  as 
/he  f^lat^uc/ion  on  pathos  ana  31/ . 

^  h/her  one  swn.y  brace  reac/f'an 
reaches  zaro^  Me  adjacent  Aoak  load  ra^ty 
'S/t//  be  redact^  /i^  the  mome nts  are  kept 
t'n  ba/ance , 

2S  —•  •  ■  (  S  I — 


AojAce/vr 

dOOH 


I  f 


rna  ree 

SWAY  A/OOfC 

anAce 


For  aR-^  ■  /,o  *  on  arijoccnt  Aaok^^ 


Far  Sway  brace  oR 


fT^r  hook  aR^  »  4.®  “  f.o  •  Sio'^ 
For  aR  -o  /,o  *  on  a  far  sway  brace ^ 
Adj.  hook  aR^ 


3.  3i7f 


Far  Aook 


^  ^  ^  z  =  .z*r-7i 

Z  ».  »<7»7f  -  .  zatc  "  LH'^ib 


PAei 


»M0M 
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SRITICTL  PgSIfflT  C0MD1T10M8 

The  following  tabulation  of  the  critical  atructuxal  elements 
Ln  the  tenv  showa  which  design  conditions  produce  the  greatest 
loads  on  these  items. 


_ ssai _ 

_ CRIT.  COND. 

CRirraiA 

Eye-bolt  (attach  hoOc) 

11 

Max.  Rj  & 

Central  casting 

(15),  5, 

11 

Bending 

Steel  frames 

(15),  4 

Down  Id.,  bending 

Fins  &  attachments 

3 

Max.  fin  load 

Tank  shall 

(15),  3, 

11 

Shear  +  moment, ' 

&  max.  drag  load 

Condition  #15  la  an  ejection  condition,  since  the  loads  to 
be  experienced  in  the  actual  ejection  may  not  reach  the  values 
assumed  in  design «  static  teats  will  be  conducted  of  the  next 
most  critical  design  conditions  in  order  to  demonstrate  an 
adequate  strength  level  in  the  above  items  of  structure. 

It  appears  that  static  testing  to  Conditions  #3,  4,  5#  and  11 
will  prove  out  all  the  structural  items.  2t  appears  also 
that  the  high  away  brace  load  in  Condition  #5  (producing  high 
local  bending  in  the  central  casting)  would  be  duplicated  in 
Condition  #3  if  these  loads  were  all  Increased  by  2,9%,  This 
would  slimlnats  Condition  #5  as  a  test  condition. 


SEQUXREP  STATIC  TE5T  COKPITrONS 

Flight  (with  loads  incrsasad  by  2,9%) 
Flight 

Arrested  biuiding 


r*e  iM  u«t 


Cond.  #3  > 

Cond.  #4  - 

Cond.  #11  • 
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Oa  Oetob«r  4,  1962,  a  revised  set  o£  airloads 
was  received  from  General  Mills  to  use  in 
conjunction  with  the  inertia  loads  derived 
from  MIL-T-7378A.  This  meant  a  revision  of 
Flight  Couditlons  #4,  5,  6  and  7  basic  loads, 
as  sho*m  on  the  following  pages.  New  attach 
point  reactions  are  calculated,  and  resultant 
shsjirs  and  moments  are  found  at  four  stations 
along  the  tank  shell,  as  before. 

From  the  above  data  it  was  found  that  Condition 
#4  is  no  longer  a  critical  condition  requiring 
static  tasting.  It  will  be  replaced  by  Condi¬ 
tion  #5  and  7.  (See  discussion  on  page  A-10] 
This  means  a  total  of  four  design  conditions 
will  require  static  tests. 


Starting  on  page  A-il,  a  review  of  the  effects 
of  the  new  loads  on  the  previous  stress  analysis 
is  made.  It  is  showii  that  all  structural  items 
affected  by  the  new  loads  still  have  positive 
margins  of  safety. 
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CRitxcAL  QgaiQg  coiroiTiONra 


A  comparison  of  Uia  data  on  the  precsedin^  pages  for  revised 
Conditions  #4/  5,  6  and  7  with  the  corraspondlng  data  for 
all  rhe  other  design  conditions  in  the  earlier  original 

this  report  indicates  a  need  for  a  new  Summary  of 
Critical  Design  Conditions.  As  on  page  27  of  this  report, 
the  following  tabulation  of  tha  critical  structural  ele¬ 
ments  in  the  tank  shows  which  design  conditions  produce 
the  greatest  loads  on  these  items. 


—  Uto _ _ 

Critical  Load 

1  » 

[  Criteria 

Eye-bolt  (attach  hook) i 
Central  casting 

5 

(IS),  2  #  3 

jMax.  kg  +  Rjj 

1  Bending 

Steel  frames 

(IS),  5  i 

iOn.  Id.,  bending 

Pins  &  attachments 

3  1 

Max,  fin  load 

Tank  shall  i 

j 

j (15),  7  &  11  1 

shr .  +  mom. ,  ^ 

1 

1 

max.  drag  load 

Condition  #15  is  an  ejection  condition,  to  be  proved  by  an  I 

actual  ejection  test.  (Seo  page  27.)  Condition  #2.  critical  { 

for  the  bending  produced  in  tha  central  casting  by  the  ' 

highest  sway  brace  reaction,  may  be  replaced  by  Condition  #3  i 
With  its  loads  Increased  by  2. $56.  This  eliminates  Condition 
#2  as  a  test  condition.  Since  Condition  #3  test  loads  and 
data  have  already  been  prepared  on  the  basis  of  loads  in¬ 
creased  by  2.956,  testing  will  be  conducted  to  these  latter 
loads.  (See  page  27)  | 

j  It  now  appears  that  all  structural  items  will  be  proved  ■ 

I  out  by  conducting  static  testa  of  four  design  conditions.  ' 

j  SEQUIRED  STATIC  TS$T  C0CTIT1G:>T3  '  j 

'  Condition  #3  -  Flight  (with  loads  increased  bv  2.S56)  I 

?  Condition  #5  -  Plight  '  ”  j 

.  Condition  #7  -  Plight  j 

‘  Condition  #11  -  Arrested  Landing  ‘ 
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DEPARTMENT  OF  DEFENSE 
WASHINGTON  HEADQUARTERS  SERVICES 

1  1  55  DEFENSE  PENTAGON 
WASHINGTON,  DC  20301-1  155 


MEMORANDUM  FOR  DEFENSE  TECHNICAL  INFORMATION  CENTER 

(ATTN:  WILLIAM  B.  BUSH)  AUG  1  2013 

8725  JOHN  J.  KINGMAN  ROAD,  STE  0944 
FT.  BELVIOR,  VA  22060-6218 


SUBJECT:  OSD  MDR  Cases  12-M-3144  through  12-M-3156 


At  the  request  of  I 


Review  of  the  documents  in  the  above  referenced  cases  on  the  attached  Compact  Disc  (CD) 


under  the  provisions  of  Executive  Order  13526,  section  3.5,  for  public  release.  We  have 
declassified  the  documents  in  full.  We  have  attached  a  copy  of  our  response  to  the  requester.  If 
you  have  any  questions,  please  contact  Ms.  Luz  Ortiz  by  phone  at  571-372-0478  or  by  e-mail  at 
luz.ortiz@whs.mil,  luz.ortiz@osd.smil.mil,  or  luz.ortiz@osdj.ic.gov. 


mjL^ — 


Robert  Storer 

Chief,  Records  and  Declassification  Division 


Attachments: 

1 .  MDR  request  w/  document  list 

2.  OSD  response  letter 

3.  CD(U) 


April  26, 2012 


Department  of  Defense 

Directorate  for  Freedom  of  Information  and  Security  Review 

Room  2C757 

1155  Defense  Pentagon 

Washington,  D.C.  20301-1 155 


Sir: 

I  am  requesting  under  the  Mandatory  Declassification  Review  provisions  of  Executive  Order 
13291,  copies  of  the  following  documents.  I  have  tried  several  times  to  acquire  them  through 
DTIC,  but  the  sites  stated  they  are  not  available. 

I  am  conducting  research  into  the  previous  methods  used  to  disseminate  biological  agents.  Many 
source  I  use  to  have  access  to  have  been  deleted  from  the  internet.  On  numerous  occasions  I 
have  been  informed  that  formerly  classified  information  that  was  declassified,  have  now  become 
classified  again  (since  911).  My  attempts  to  locate  such  Executive  Orders,  regulations,  laws,  or 
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